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PFEPACE 
In view of the length of time that is required to collect data 
on individual and population performance of deer and hilt sheep for 
the comparison of their productivity, this study was inevitably based 
on data which have been collected by other workers. However, I have 
taken part in several field and laboratory courses on the following 
subjects in order to understand the theory and practice of data 
collection: 
I • Census and classification of red deer in Sutherland and Tester 
Ross. 
2. Collection of deer carcases in Sutherland, which were used for: 
WAS4' 
Age determination of deer by tooth were and cement layers 
of the molar teeth. 
Carcase weihta of deer. 
Determination of age-specific mortality rate, and construction 
of life tables. 
3• Examination of red deer uteri for the presence of embryos and 
Corpotalutea, which were used to determine the fertility of hinds. 
4.. i field course at Newcastle on the aspects of sheep husbandry 
which were referred to in the thesis. - 
In addition to the courses attended, I have made personal 
contacts wherever possible, with the workers and the Organisations 
to which they belong, in order to ascertain the validity of their 
data. 
Animals have in general been referred to in this thesis by their 
common names. The list of the animals with their scientific names 
is given below: 
Red deer 	 Cervus elaphus 
White-tailed deer 	 Odocoileus hemianus 
Mule deer 	 Odocoileus virginianus 
(conttd overleaf) 
Moose 	 Aloe 
Riand Thurotras oz 
African elephant 	 Loxodonta africaim 
Wild .rabbit 	•- 	 Oryctolaus cunicülus 
Snow-shoe rabit Lopuaamericonus 
European hare 	 Lepus europosus 
Short-tailed vole 	 $ierotus agreatis 
MuzItrat 	 QMatra. zibethicus 
Laboratory,mouso 	 Mus muculus 
Red rouse 	 Lagpus laopüs acoticus 
The metric sytew of measurement has not been used. 'This is 
for two reasons:; tirt,that all the data used were 'obtained in 
British measures.; and secondly, that British measures are currently. 
in use in Nigeria and arc likely to remain so for some jocra. 
1. INTRODUCTION 
A. Wildlife as a form of land use on marginal lands 
The term "marginal land" applies to land whose use is limited by 
physical or economic factors. Thus, the meaning attached to the term 
varies from place to place and may change also in time as economic 
factors change. 
Physical limitations may be in form of (a) climate, e.g • insuffi-
cient or excessive moisture, heat or cold etc., (b) poverty of soil, 
soil leaching and erosion etc., (c) edaphic features such as high 
altitudes, rugged terrain and aspect. Physically marginal lands are 
characterised by very low yields, which cannot usually be appreciably 
raised without an input of money or effort out of all proportion to 
the n"- -- 
Economically marginal land is lath that is at the moment poor and 
low yielding on account of the present socio-economic conditions of 
the country. Productivity of such an area depends on a wise choice) 
of land use and on how much one is prepared to put into it. A form 
use 
of land/that is therefore economically marginal in one country may 
not be in another. 
Also, a land that is marginal for a form of land use may not be 
marginal far another depending on their relative efficiencies. This 
of 
is because/different physical requirements, and may respond differently 
to management. 
Since the term "marginal land" is so relative, it is difficult to 
make a classification of the world's marginal lands under a single 
definition. However, for the purpose of this study "marginal lands" 
will be use& to describe areas which are unsuitable for arable farming 
because of the physical limitations already discussed, and whose 
I 
productivity is still tied up to a wide choice of land use and the 
present socio-economic conditions of the country in which they are 
found. It is with this definition in mind that an attempt is made 
to discuss the extent of the world's marginal lands. 
The total land area of the earth is about 56 million square miles 
(Fawcett, 1930). About 30fl (i.e. 17 million square miles or 11,000 
million acres) were classified as marginal. Another X14 is cultivable 
land with adequate moisture, heat, soil fertility, and suitable terrain, 
capable of producing ordinary agricultural, crops • The remaining 4QZ 
(i.e. about 22 million square miles) is desert. This estimate was 
based on indirect evidence from factors determining cultivable lands, 
marginal lands, and deserts, in relation to the economic conditions 
of the respect±vc countries, and an approximation of their areas. 
Only in developed countries are there a complete survey of land from 
this point of view. Statistical records only exist for countries of 
continental Europe west of Russia, and south of the Baltic Se., 
excluding the etton&-wt.._peninsula. This part of Europe contains 
no desert. 
.Arable laud Good Pasture Marginal and. itcultivable land 
Total 
area Z 	gginal 
108 9014 24.,875 134,082 266,971 50.2 
India has a cultivable land of about et of their total land 
area. The rest, 32, includes marginal land and deserts, but there 
are no data to show the areas covered by marginal lands alone. 
Canada has about 139 arable land and another 1V is marginal covering 
about 300 million acres. The rest, 74%, is desert land of the Canadian 
shield and the cold barren land of the northern half. Only 40'i of 
of the continenta]. U.S.A. can be used for crop production (Fawcett, 
1930). The rest was classified as unproductive, but there were no 
data on the extent of marginal lands • Australia resembles Canada in 
having & large area of desert lands, and it is believed that only 
20/Z of the area of the continent can be cultivated. The remaining 
8WI4 are marginal and desert lands. 
Land use classification of Africa by F.A.O. put 8.5% of the total 
land area under arable farming, 24% under forests, 19.5% as permanent 
pasture, and remained unclassified ' 4t et4, 1963). In (!! T&b04- 	. 166) 
1951, Bonama/stated that 45.5% of Africa is pastoral country with no 
potentialities for Amble farming except where irrigation can be 
developed, and a further 22.5% is semi-desert country of little value. 
___ 
1901,i-t- wca estimated that 34 or the continent is 
marginal for arable farming. 
B • Factors influencing the development of marginal land 
Riney (1965) has grouped the, factors influencing the development 




The following examples were given to illustrate the problems of 
marginal land and the necessity for a broad and integrated approach 
to the solution. 
Ecological factors as they influence marginal lands are of two 
types: (a) Those areas that are physically unsuitable for present 
fbrms of productive land use such as mountains, deserts, swamps, ice 
fields etc. (b) Mismanagement applied to the present forms of land 
use that results in deterioration of land resources on which the 
present foms of use depend. Since more and more land is required 
to grow food for the world' a growing population, the present use of 
I] 
land moves into desert and other unproductive land, and it is 
especially at the edges of these lands unsuitable for intensive produc-
tion that mismanagement aggravates the marginal land problem. A 
general result is a 1058 of woody cover, and a development of desert 
and aridity. 
Profit motive was considered by Riney (1965) as one of the most 
dangerous factors contributing to instability of present forms of 
lath use on marginal lands. This is because the tendency for land 
users to ignore the ecological limitations of marginal lends for short 
term profits produces long text deserts. In a developing country, 
the extent of dependence on foreign funds can also have an important 
indirect effect and this may often be in terms of strings attached to 
foreign aids by donors in favour of cert$xz ttevelopiiieut pi'ojeata which 
may not be ecologically sound. 
Sociological factors include the present stage of cultural develop-
cent, established culturel traditions ag. religion, exploitation of 
renewable natural resources, conservation, forms of government and 
present level of education of the people. The limitation of any 
forms of land use or the deterioration of existing patterns of use may 
be greatly influenced by those sociological factors* 
C • Possible uses of marginal land 
(1) The use of plant crops 
One viewpoint for the use of marginal lath is that a large propor-
tion Should be devoted to crops since most of the energy is lost from 
conversion of calories which ranges from only 4 in the case of beef 
and mutton to 20 in the case of pig meat • Another viewpoint support-
ing plant crop production is that in many parts of the world, livestock 
overgraze their habitat, causing erosion and soil leaching. Pawley 
(1963) also argued that animals compete with humans for a proportion 
of their food supply. 
4. 
However, if the habitat is managed and grazing controlled, the 
problem of overgrazing can be solved. Moreover, most of the world's 
marginal lands are suitable for the production of fibrous plant 
materials which are best utilised by conversion to animal production. 
In other areas where terrain is rugged or land is swampy, plant crops 
have not proved viable. Also, marginal lands are typified by simple 
habitats, and monoculture of plant crops only creates a greater 
degree of ecological instability (Elton 1958, McVean & Lockie 1969). 
(2) The use of animals 
In Africa and other parts of the world man has traditionally 
used marginal land for pastoralism. There has been a tendency to 
destroy with fire and tools as part of pasture management • This des- 
..aaata..a4n 	 4.aaca1sa 	flc1Lnn aaA 
Daamann (1963) hJe suggested alternatives that could give an ecologi-
cal and an economic answer. 	suggested a preservation of the 
wild species of plants and animals as a means of maintaining and res-
toring the productivity of these areas. Holsworth (in F.A.O., 1969), 
making a wildlife survey of parts of North-Eastern Nigeria, remarked 
on the rapid downward trend of vast areas of the range lands brought 
about by cattle and goats, and suggested a retention of the natural 
flora and fauna as a method of conservation of the soil and vegetation. 
If domestic livestock are introduced to these marginal lands 
without grazing control, the habitat will suffer from the effect of 
monoculture. Elton (1958) stated that this is similar to introducing 
an exotic species into an already simple and fragile habitat and 
instability could be brought about by selective grazing. This 
generally leads to bush encroachment, soil erosion, loss in soil 
fertility, a destruction of watersheds and production of deserts. 
Such a phenomenon is present in Northern Nigeria (both in Sudan and 
Sahel savanna zones) where regrettably unsuitable grazing practices 
5 
M 
which tend to over-explo.t the habitat have replaced nomadic 
pastoralism. 
Riney (1965) stating the ecological, significance of wildlife as 
a marginal form of land use in developing countries remarked that 
domestic animals are susceptible to diseases such as trypanosomiasis, 
foot and mouth diseases eta, to which their wild, counterparts seem to 
be more resistant. Moreover, the food conversion efficiency, indivi-
dual and population performances and productivity of domestic animals 
are Jx'adua4!j lower than wildlife (abalt at al, 1965). There is 
however remarkable little hard fact on these subjects. 
D. Conflicts of land use in Scotland and the conservation of red deer 
Scottish Highlands as nsrainal lend 
Moat Of thu Ia6iaanas can be  cle.:tfied te reinai  for stable 
farming because of Boil infertility, unsuitable terrain and climate. 
The vegetational cover has been much modified by deforestation and 
repeated burning, and largely uncontrolled, sheep grazing. McVean & 
Lockie (1969) describing the possible course of events which led from 
the destruction of the forest cover to the present marginal country 
stated that the forests were on an inherently infertile soil, holding 
few plant nutrients. With the removal of forest cover, the cool, 
wet oceanic climate has a tendency towards water surpluses and peat 
formation. The soil became wetter or completely waterlogged on 
lower grounds, nutrient circulation slowed down and leaching increased. 
As a result, bog developed, and forest regeneration was difficult. 
E • Wild versus domestic ungulates on marginal land 
The problems of habitat deterioration in the Scottish Highlands 
are common to many parts of the world. The utilisation of these 
areas to an ecological and economic advantage is therefore subject to 
a wide choice of land use and management. Following Dattx4$%4-, 
ToAbct 
6' (1963) and Dasmañn (1963) for Africa the argument has 
been advanced that deer are better adapted to the hills than sheep, 
and are therefore both ecologically and economically to be preferred. 
Since this subject has never been investigated, this thesis is there 
fore an attempt to compare some aspects of deer production on extensive 
range with that of sheep on similar ground. 
If one can pinpoint the supposed advantages of deer, then one can 
make sure that these advantages are not destroyed by ill-considered 
management. Likewise, a consideration of the limitation of des as 
producers of meat from marginal environments may help to guide manage-
ment in re&cin,g these limitations. 
The comparisons will be made at different levels: (1) Production 
of individual animals of comparable age. (2) The characteristics of 
populations as they occur on marginal lands. (3) The extent to which 
activities of each animal allows or prevents sustension. The popula-
tions for which there are adequate data, and which are comparable 
are: 
Red deer on the Island of Rhum to be compared with: 
The feral Bogy sheep on the island of Hirta (St. Kilda), 
western Scotland. 
Red deer at Glen Feshie to be compared with: 
Blaciceace sheep at Hill Paining Research Organization 
(H.z.R.o.) experimental farm, GlSnsaugh,and where 
sufficient information was lacking, data from a Sutherland 
sheep fain was used. 
2 • THE STUDY POPULATIONS 
A. Red deer population on Rhum 
Rhum is an island, about34.4DG acres (10,680 ha). It is tough, 
mountainous and almost treeless, and rises from spa level to 2,600 ft. 
Red deer have an access to all but 1,500 acres of the island. The 
area utilised by deer is therefore 249,O0 acres. Rhum lies 16 miles 
west of Mauaig in the Inner Hebrides. 
(i) Climate; Rhum has an oceanic climate with an average rain-
fan of over 80 inches at Kinloch village in the east, and an average 
of 200 days with rain per annum. In common with other Hebridean 
islands such as Hirta, the main island of the St. Kilda group, deep 
now. is seldmeexperienced. This is in contrast to the mainland 
deer rounds in Scotland. However, frequent high winds and gales 
combine with rain to accentuate the lack of shelter and have an 
important effect on deer performance. 
Vegetation: The most striking vegetational features are 
large areas of Molinia dominated grasslands, and relatively small 
acreages of Agr03tis-1'estuca pasture. The latter is the most 
nutritious hill award for grazing, and it is found on the lower 
slopes which are better drained. Molinia is only grazed for a short 
period during initial growth in early summer. Rhum pasture is 
therefore marginal for pastoral farming. Native woodland has 
virtually disappeared. Other features are the absence of other 
graziüg mtzniials apart from a small herd of feral goats. 
Deer management: The first deer count on Rhum in 1957 gave 
a total of 1,584. deer (564 stags, 741 hinds and 279 calves). A cull 
of 40 stags and 40 hinds was taken each autumn up to 1957. Since 
the spring count of 1958 showed an increase (to 1,711) the culling 
level was increased to 100 stage and 140 hinds (i.e. one sixth of the 
population in spring). Culling at this level up to 1960 reduced 
the population increase, and therefore the cull of one sixth became 
traditional on the island. fltchell (1969) thought that this culling 
rate could lead to a stable population on Rhum. The cull was evenly 
distributed over the island to prevent local exploitation and also to 
allow doer to distribute themselves naturally over the available 
habitat. 
The shooting policy was i.iiceLin most Highland estates. As many 
as possible of the older and poorer animals were shot, and yeN hints 
(i.e. hind without calf of the year) were shot in preference to milk 
(hind with calf of the year). 
A response to this management was seen in an increase in deer 
nulibors from 1 4 584. !n195? t 1 ; 71.1 in 1958. The sex ratio also 
changed. from 438:579 in  1957 to almost 50e:509 from 1962 onwards. 
However, all the above figures on deer counts and sex ratios were 
subject to errors because of miscounting and misclassification, In 
rd 
1957 1, 10.4 of the stage were ua4ei-eeunt.d, and hinds were over—
counted by 14.C$, and calves under-counted by 8.C. The error in 
classification has therefore made it difficult to assess the response 
of deer on Rhum to the one sixth cull. 
Sheep and cattle were removed in 1957, and the resultant increase 
in door numbers was thought to be partly due to a reduction in grazing 
pressure • In neither sex was natural mortality ever replaced by the 
one sixth cull.. There was a reduction of adults natural mortality by 
79%a' in stags from 15.9 to 3., and in hinds from 17.6 to 3.5%, only 
the older age classes (10-16 years)4 unaffected. Even with the culling 
rate of 19.Ylo of the hinds, natural deaths were never eliminated. 
8. The Feral Sbay Sheep on Hirta. St. Kilda 
Hirta is the largest island of a group of the four St. Kilda 
islands lying 45 miles west of Harris in the Outer Hebrides. It is 
(Q '9 
about 1 075 acres and it is walled by steep grassy cliffs which rise 
from sea level to anything up to 1 9000 ft. The habitat is similar 
tofthum in many respects. As an island the potential movements of 
animals are restricted and population expansion cannot be alleviated 
by an expansion of range. It is also sixailarin that few other 
vertebrates occur on Hirta. There are no herbivores and no carni-
vores except a few birds (Grubb, 1968). The climate andyegetation 
are also similar to Rhum. 
Climate 
From the general account of the climate of Outer Hebrides (Manley 
1948, quoted by Grubb 1968) winds bringing hail or freezing rain were 
a feature of the winter at St. Kilda, Annual average wind speed is 
about 20 m.p.h. and speeds 6f over 100 m.p.h. have been recorded at 
sea level. Mean daily temperature ranged. from 44°F in January to 
55°? in August with mean daily ranges of leas than 100F. '. Rainfall 
is about 45 inches per year at sea level. As on Rhun, snow rarely 
falls. 
Vegetation 	 - 
The vegetation of Mirth described by Boyd at al (1963) falls into 
the following three main classes: 
Mixed grassland: associated with Glean Mor occupying about. 
half of' the grazing area (600 acres) and this dominates the 
westerntwo thirds of the island, . It is an 4grostis4Jestüca 
association of about 41 species of grass. This means that the 
Scay sheep can obtain nutritious grass .sward from about one third 
of the total area of Hirta. 
Molinia dominated grassland: Near the village glen is about 
250 acres (one fifth of the island) occupied by Molinia dominated 




(c) Maritime vegetation: This occupies another fifth of the 
island (250 acres). It occurs on all the seaward facing cliffs, 
and consists of three main plant communities which la-grazed 
smoothly by sheep. 
Plantago award. 
The vegetation of the sea bed colonies which extend 
to the shore. 
Molinia dominated species along the shore. 
(3) The Background of the Feral Spay Sheep on Hirta 
The Soay sheep is one of the most primitive varieties of domestic 
sheep. Grubb (1968) thought that they were present on the island of 
Soay (adjacent to Hirta) for about I ,000 years before their introduc-
tion to Hirta in 1932. This sheep was a domestic animal, and between 
Neolithic and n'o'ern times, m 4 8ht hate been rttjecttd to artificial 
selection. St. Kilda was evacuated in 1932 and from that time until' 
now, the population has been unmanaged, and it is a free-ranging feral 
sheep population. They can therefore be regarded as a domestic 
ungulate with natural population control, and not restrained by any 
form of management. The population dynamics was studied by Boyd et 
al 	
S 
(1 96q) and Grubb (1968) and their performance and productivity can 
be validly compared with that of wild ungulate. 
Since there is no culling and no possibility of emigration, the 
population of the Soay sheep has fluctuated between rather wide 
limits. 
Because many of the sheep on Hirta live in the most difficult 
terrain, most investigations by Grubb (1968) were restricted to the 
village glen. Here, the animals were easily observed and caught for 
marking and their age determined. The area occupied by the sheep 
population in this village as it was calculated from Grubb (1968) was 
about 432 acres. 
11 
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C. The red deer population at Glen Feshie 
Glen Peahie estate is about 4.1,000 acres and is situated in the 
eastern part of Inverness-shire. It is bounded in the south and south-
west by the forest of Mar and Atholl art the estate of Invereshie. 
Glen Fehie ranges from about 840 ft. to 4 9 296 ft. in elevation. 
The eastern part of the glen is a part of the Cairngorms National 
Nature Reserve. 
(i) Climate, There are no iaeteoroiàgicai records for Glen 
Feshie, The nearest climatological station with conditions probably 
approximating to the lower part of the estate is Daiwbinne, where 
records were kept from 1931 to 1961 • Evidence of conditions at the 
higher levels on Glen .Feshie was obtained from the climatological 
stations at Coire Cas Ski-lift, 
The rainfall has an estimated annual total rging from 40 inches 
in the lower part to 80 inches on the highest ground. Maximum rain-
fall is usually in January. October. maximum is usual around the 
coast • The minimum is in spring and early summer. The average 
number of rain days (i.e. with about 001 inches or more of rain per 
day) is about 200, and of wet days (i..e. with about 0.04 inches or 
more per day) is about 160. 
Snow fafla on about 55 days per annum in the lowest parts and 
about twice this number of days at the highest levels. Temperature 
fluctuates lees at high altitudes than at low. On the summits, the 
annual mean is about 40C and about 10.5C at low level. The average 
number of days continuously below freezing point is about 30 at the 
highest level and only 1 or 2 at the lowest. 
High winds are a feature of the hills, and very strong gusts 
occur at breaks of siope. The lower part of the estate is more 
sheltered and not very windy.. There are shallpw hollows on the hills 
which provide shelter for deer in bad. weather. 
12 
(2) Vegetation. The vegetation can be broadly divided into two 
categories: (a) those 000urrip4j in the lowland consisting mainly of 
woodlands and various grassland communities; and (b) the high ground 
consisting mainly of montane vegetation. 
Below 2,000 ft. there are woodlands about 1,088 acres (440 ha) 
mainly of Seats pine 50-60 ft. tall, with discontinuous canopy about 
776 acres (341 ha) and old birch wood of smaller trees (about 20-30 ft. 
tall) • occupying about 309 acres (125.1 ha). There are also Juniper 
scrub which grow to a height of about 12 ft. In the flood plain of 
the river Feahie (a fast running river which runs through the estate) 
are the species poor grasslands (AgrostiseFestuca) intermingled with 
Callunetum. South of the floor plain, the alluvial grasslands are 
poorer, containing much tiardus strict a and some Juncus squarrosus 
which are not so nutritious to doer. 
"Dry" Cafluna communities exist very extensively on veil-drained 
soils. Calluna is dominant in these areas and quickly regains domi-
nance after burning. There are also "wet" Calluna communities found 
on higher ground where peat is deep. Molinia is scarce in these 
Calluna grass communities. 
In areas above 2,800 ft. the vegetation consists of montane nods, 
which occur in both small and large patches. 
(3) The manaRornent of deer at Glen Peshie. The number of hinds 
in the estate varied between 807 in spring and 1,237 in summer with a. 
mean of 1,037, the stags from 555 in spring to 872 in summer with a 
mean of 634.(as derived from counts of 1967 and 1968). Mitchell at 
a (1970) thought that the large variation in the stag total was 
because of the constant movement of a herd of about 200 or more 
animals between Glen Peahie and Invereshie. 
• One hundred and twenty stags and between 250 and 300 hinds were 
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shot annually. The culling policy was that as many an possible of 
the older and potter animals should be shot, irrespective of their 
breeding status. The cull also includedSpoor calves and their 
mothàrs, poet mothers with poor calves but üot good calves With. poor 
mothers. 	 . 
About 520 free-grsflng ewes have been excluded from the estate 
since the Nature Conservancy began their investigations at Glen Feshie 
• 	-in1966. 	 . . 
•Do Blacktacs sheep at(flensauØ 	 . . 
Giensaughts. situated at the eastern end at the Grsnpianz 
• 	 - 
 
Immediately east of the Cairn Mount road between Fettercalrn and 
Banchary, north-east Scotland. It is one ofthe' experimental farms 
..Ct 4'ka.Lx4t1 	4_n 	 ta 2..,..s.t...------- 	 __..._a .---------- v.ban&oava.vn,. vu*IJZa 4.n £frjVV 
• 	predosinantly heather gratings, rising from 500 to 1,500 ft in clove.- 
-. - tion. The fern also haS 180 sores at arable land, marked in_rotation, 
- about -,40 acres of unpioughable grass, and 80 eicres reseeded from the,. - 
hill. Thus the total trè4 utiliaca by sheep is about 2,400 acres. - 
• . . - 	-. 	The, hilt ground in 	 areas, one 	each side of the Highland 
Border Fault, and separated-by the amble land, To the north-west 
• lies the main bill of.over.1,5(X).aores, while to the south-nat then, 
en - some 500 acres 
of 
 the Straihfinitt.a Hill,  
1.' Climate  
The average rainfall at Glensaugh - for 1951-1962 was 40,1 inches 
(na.R.o. 
annual report Ng. 3, 1960-1963)., Other meteorological 
- records were not available for study, but Radio (personal coxün.) has 
-stated that there is no great dissimilarity between, the climate of 
Clens.usgh sit (fun Feshie. - 	- 
- - 2. Vepetation  
The two hills at Glensaxigh sit distinàt geologically, in aspect 
and consequently in grazing quality. The main 11111 vegetation consists 
of those heather communities usually found in low rainfall areas. 
Strathfinetta rises to 1,100 ft. and is mainly heather on the highest 
parts. The lower slopes are drier with more grass than the higher. 
3. The management of t4,s sheep at Glensaugh 
The regular sheep stock consists of 500 Blackface ewes with 160 
ewe hoggs. This includes 10 ewe hoggs of each of the Lanark, Lewis 
and Newton Stewart types of Blackfaoe • The Blackf ace flock is run 
as a self-replacing hill-going stock. Controlled mating is practised 
to obtain full breeding records, and this is the only deviation from 
the local Inazzagement of hill sheep • Controlled, mating has resulted 
in higher than average incidence of twins (Jones, 1958). 
A feature of the flock is the casting of about half the ens 
after three ]ab orop and th rant at the fourth because of "broken 
mouths". Signs of the "broken mouths are the breakdown of incisors 
which may be observed when the See are 4.f-53 years old, and occasi-
onally at 3fr years. The typical symptoms are that the incisors 
become long and slack and as if compressed laterally, and are 
frequently accompanied by a. recession of the gum and a pitting of the 
enamel at the base of the teeth. At this stage, some of the teeth 
may be lost, though should all the teeth be present, it is readily 
apparent that because of their slackness they will not be retained 
for another year. The breakdown is accelerated by the stripping 
action of the teeth in biting heather and turnips. 
The flock was fully recorded by H.P.41.0, and it is mostly from 
the record of performance of a ten-year period (from 1947-1956) by 
Jones (1958) that this study is based. 
The winter management of the flock included the feeding of turnips 
for 3 hours in each morning from mid-February to the and of winter. 
Previous to 1950,   turnips were fed more sparingly and in some years 
were augmented by trough feed to gimmers and weaker ens. When 
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lambing started (in the first week of April) it took place in the 
inbye pastures and feeding was supplemented with whole turnips. 
Ewes with single lambs were put to the hill when the lambs were 10. 
14 days old, while those with twins remained for a time inbye, 
depending on the grazing available. 
Other aspects of management include disease control measures 
which are taken especially for coatridial t ,1tft&Jt%S 
Dipping also takes place to get rid. of ticks • The population is 
controlled in a sense that the ewes are east after about 3 lamb crops, 
and lambs are selected for replacement. In this way the population 
is composed of young animals. Rams are selected for mating and sex 
ratio is usually about I ram to 40-50 ewes. Another form of manage-
ment ±2clutes the ehepherdin of sheep to 	 i ttl er4ajn22,  
Definitions of terms used on she 
I. Ewes: Female sheep that is more than 171  years old. 
Hogg: Sheep from 6 months to 1k years old. 
Gimmers Female sheep from 4 to 21 years old. Most hill sheep 
are mated and lamb for the first time as gimmers. 
ild ewes: Ewes which have not produced lambs that season. 
Broken mouth: An oral malformation in which incisors are not 
correctly opposed to the dental pad, and also a. dental insufficiency 
affecting the molar teeth. 
Cast ewes: Ewes taken from the bill because of broken mouths. 
Inbye: Enclosed grazing which has been improved and reseeded to 
feed sheep. 
Hirsel: An area of hill with natural boundaries which is normally 
shepherded by one man e 
Heft; A group of sheep which habitually graze within the confines 
of a particular area of hill ground and also the area of hill ground 
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itself. Each heft of ewes is self replenishing. A hirsel may 
contain several hefts. 
E, Discussion 
Both Rhum and ){ifla are Hebridean islands with windy, cool, wet 
rvwtC 
oceanic climate. Snow is L..Th, ' -experienced on both islands because 
of the maritime climate and it is therefore not a factor affecting 
animal life. However, the mean annual rainfall of Rhum is higher 
than Hirta by about 35". The vegetation of both islan4s is also 
broadly similar, being mostly grassland without trees except that 
flirts has more acreages of ARrostjs-Pestuca dominated grassland which 
in rich in heather. the topography is also similar being mostly 
lowland areas. Although in some places Rhurn is about 1,000 ft. 
higher than hirta, most of these highland areas are hardly used by 
deer because of inaccessibility. Inaccessible areas and bare rooks 
will be excluded from the acreage on Rhum. Thus, the climate, vege-
tation and topography of the two areas are reasonably similar for 
comparison. 
Prior to 1957, the deer population on Thum was lightly culled 
at about 	(40 stags and 40 hinds) per year. Lowe (1969) stated 
that because of this light cull, the population was controlled in 
number almost entirely by natural mortality. It is because of the 
lack of management that data on the population structure for 1957 
will be used to compare with unmanaged Sosy sheep on flirts in order 
to wake the comparison valid. 
The Soay sheep on Hirta has provided a good example of a feral 
population which Grubb (1968) has shown its performance to reflect its 
natural behaviour. It is therefore a natural complement of a domes- 
tic sheep and it is on this basis that its performance will be compared 
to 
with deer in order to see/what extent a lack of management can influence 
both populations. 
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The, climate of Glen Pesbie is also similar to that of Glensaugh 
and Sutherland.. High winds are a feature of the hills and animal life 
is influenced by the presence of snow in these areas. The three habi- 
tats also have high grounds and the slope of the landscape is similar. 
The only discrepancy in comparing the habitats is that unlike G-lensaugh, 
Glen Feshie contains woodlands in the lowland areas and therefore deer 
is not confined, to grazing alone. It can also browse in birch and 
other trees. 
However,: the deer population at Glen Feshie, the Blaoace sheep 
at Glensaugh and Sutherland are managed differently. Deer at Glen 
Foshie are culled at one sixth, with the population consisting of 
young and old: animals of both sexes. The crop of deer is . the annual. 
The pana !R"t of Blacace 1ep at Glen.saugh involves 
only a owe flock, with ewes cast at about 51 years of age; thus the 
population consists of young ewes • About 30 lb. supplementary 
feeding is given to each animal each winter (Eadie, personal comm.). 
This amount of supplementary feeding may be important to the survival 
of the animal if given during.bád.weather. Lambing is controlled 
in paddocks and veterinary care is given e.g. dipping to remove ticks, 
thus reducing the mortality of the sheep. The management of sheep 
in Sutherland also involves only a ewe flock with ewes castat about 
5 years of age. G.immers are wintered away in favourable teas in 
order to reduce the winter mortality. The veterinary care taken also 
reduces mortality. 
The difference in management is therefore likely to give a differ- 
of 	. 	 4S,, 	c\vt 
once in performance in favour/sheep. Zince <deeris not4managed the 
same way as sheep, there will be a consideration of the practical ways 
in which the management of sheep can be simulated for deer in order 
to bridge the gap in performance. 
3. GROWTH RATES 
A) Introrsuction. The graith rate of an wzjil is an iiortaxt 
factor which determines its productivity since it is & insure of 
the rate of increase in meat yield per animal per unit of tine and 
the point at which it is moat economic to crop it. Also linked with 
growth rates in nmna1s is sexual uturity. Ssd] cLr (1969) has 
stated that attainment of puberty in most mammls is a function of 
size as well as age and that there is a definite site at which 
açzual maturity is attained, He cited an example of red deer intro- 
duced into New Zealand which due to better nutrition and hence faster 
growth rate attained puberty as yearlirs and calved first as two-
year-olda. Mitchell (1969) stated that a live-weight of 12z-140 lb. 
(86-98 lb. laztier weight) aeuu* to be critical for deer in attaining 
puberty. Most Scottish deer attain this weight as two-year-olds and 
not as yearlings, probably because of poor nutrition. Hammond (1949) 
confirmed that among other factors, age and size affected the attainment 
of puberty in sheep' and that this was partly a function of their level 
of nutrition. 
.Unce growth rats are so important in determining the potential 
meat yield in rn,.mmaia1 I have compared the growth rates of the four 
stuy populations. The age at which at animal reaches its niazinum 
size a4 sexual maturity is discussed in relation to the point in time 
at which it is most ecutoinical to crop it. However, it is important 
to note that information at weight and age (tic two important criteria 
for growth rate) have been obtained for deer by indirect methcxta. 
The limitations of these methods have restricted comparisons to lower 
age groups only. For certain domestic species such as bill sheep, 
weights are usually obtained by direct live-weight measurements, and 
ages is easily computed from birth records. however., for 'id.ld 
19 
animals such as red deer, this Infounation is not easily obtasned. 
It in difficult to catch and tag a large enough number of young 
animals and weigh tic throughout their life time (1-18 years for red 
deer). Age and wcd.gZzt information must therefore be detezmjned 
precisely from dead saiilcs. For deer, weights were obtained eithdr 
by direct weight measurements or from jaw laigtth • i4tchefl (1;,69) 
found that the logarithm of carcase weight is linearly related to 
jaw length. Age determination was based on tooth replacement and 
wear, and cement layers of the molar teeth. 
The relative accuracy of these methods are di 50258e& the 
accara' of both methods is lacer for deer in older than the younger 
age classes since during this peflad tooth wear €d skeletal growth 
receed- at a Aim and wmnMorxr rate.  
Also, while live-weights of sheep determined directly are subject 
to azvirwaztal changes in both positive and negative directions, 
weights obtajzied from linear measurements such as jaw length of deer 
depends an skeletal size. They tins can only be equivalent to the 
average weight of the anjmal or greater tan it (Wood iS-San, 1964. 
This will probably overestimate the growth rates of deer. 
sheep and deer have en annual growth cycle corresponding to 
6uic' abundance of hetbage. The weights used for these comparisons 
are autunn weights only since eatuni follows the period of abuodance  
Of herbage growth and therefore reflects the max1mum weights possible 
under the respective extensive nanagex&rnts. Thus the weights are not 
confused with irregular gaing and losses which are a result cC variations 
in weather conditions. 
B) Red deer oniqium 
1. Wejtht determination: One method of weight measurement was used 
for deer on Rkum: 
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FIGURE 2: 	Growth rate of Hinds on Rhum (Mitchell,  
1967) derived from data in App.1. 
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as live weights using the conversion factors given in Table 1. 
















Stags 100 71 a 54 49 
Ield.bjnds 100 69 6k, 54 49 
Milk hinds 100 68 61 52 48 
Notes; 
Live-weight is the total weight of the live animal. 
Larde we!&Ws its that ct the whose animal less the alimentary canal. 
0) Clean carcass weight is the whole weight lees the alimentary canal, 
lungs and liver. 
German market carcase is the weight of the whole animal leas the 
alimentary canal, lungs, liver, head and the lower ]4ss. 
Butcher's carcase is Germ= encase lees the skin. 
It is important to express p'avth rate in terms of live weights 
in order to permit comparison with other stadies of Mitchell (1969) 
and Sadleir (1969) who had correlated growth rates with sexual imbarity. 
Apcndix I t Figs. I & 2, show the growth rates of stags and binds 
on Rbujii between 1958 and 1965* the relationship between age and 
attainment of adult weights are shown on tables 2(a) and 2(b). 
Note; No standard deviation or range of observations can be 
calculated for growth rates because the original data were not 
available. 
2 • Me determination 
Two main methods have been Used for age determination of deer on 
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Table 2( 
I Rate of growth to Average weight Average weight at Average Ueight added in 
point of inflect at attainment conception of calf adult 
the interval 
in lbs ./6 months of puberty( lb) as a proportion of weight( b)  between first average adult et.(%) calf production 
and attainment 
of adult wt.(lb 
Live weight(lb.) Hinds 15.5 140.8 86.5 185.7 254 
Stags 22.4 156.3 70.6 
-a 
269.0 - 
Table 2(b) Mes at attainment of adult weights 
Time to point Time to Time to first conception Time to Time between 1st 
of inflection puberty as a proportion of time average calf production and 
in years in years to average adult wt..() adult weights attainment of adult ed 
(1 ca (1 P's  ) 
Rinds 6 2 50 6 3 
Stags 6 2 50 6 - 
Notes: i) Point of inflection of growth curve means the point at which about 90 ef maximum weight is attained. 
Attainment of puberty means age at first breeding. 




Tooth replacement and wear was compared against a series of 
Jews from ban age animals. Age classes were W.atinguished on the 
basis of changes in the height of the lingual crest of the molar teeth 
above the gum.' Of the 29 deer on Blaim of lctarn age that were sampled 
by Lowe (1966), 14 were aged correctly (about 5Q), the rest being 
with one exception plus or ztua a year. Using the total wear method, 
Lowe (i 967) found that 88/u of deer I -8 years old were aged. correctly. 
The rest were t 1 year old out each way. 
Another method was b7-counting the cement layers of the 
first molar of the mandible, -which showed yearly growth increment 
similar to ermual growth rings in trees. 
When the intonation obtained from tooth replacuiait and wear was 
UU s,a
-  S 




  Of  as__,n a-q U---- -- --- '-&a- 
-iLt?)c.-a of Cq 	9ttA' -p]" 
variation in  tooth wearpcoaxrea partly because of different tooth 
size of deer of the earns age and also bec&we the rate of wear is 
1r02~ 	
, 
subject toutvironmaatel- variations aich as climate and nature of 
food (for nnnle, bestage rich in silica increases rate of wear), and 
availability of toed. Mitchell (1963)  and Lowe (1966) showed that 
age determination by ctxrnt layers to be 75fro in agreement with their 
true age for deer on Scottish mainland but only 5Oyo for Blaim. This 
means that for Rinw, of the 28 deer of known age that were aged by this 
method, about 15 were found to be correctly predictable; the remainder 
with two exceptions were one year more or lees. 	- 
C) The Bogy sheep on Hirta 
(i) Weight 4çeziØna4on 
All weights were obtained by trapping the sheep and weighing them 
directly (Grubb, 1968). 
(2) Age determination 
.eince the replacement of the mel  sors and the canines takes place 
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over 5 years (Boyd., at a]. 1963; Grubb 1968), this has provided a means 
of assigning the Scay sheep to an appropriate age class. however, 
Boyd at al (1963) have shown that only lantha, yearlings aid two-year- 
olds were aged with IOU/* certainty using this method.. The agesof three-
year-olds were determined with Wh certainty, four-year-olds with 60ft 
and five-year-aids with 94t. This means that growth rate data is 
only accurate for younger age classes (C-k years). Beyond tExts, the 
probability of placing the weights of sheep in wrong age classes 
becomes high. 
Appaidix 2 0 Fig. 3 shows the growth rate of ao4y sheep. The 
relationship betweci age and attainment of adult weights are shown on 
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. FIGURE 3: Growth rate of Soay sheep on Hirta 
(derived from data in App.2.) . 
• 	 ... 	 .. 	
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Table la).. Relationship between age and attainment of adult weights (derived from Grubb, 1968) 
Rate of growth 	Average weight 	Avenge wt,at Average Weight added in the 
to point of at attainment cont*ption of adult interval between 131 
inflection in 	ofpuberty 	lamb as a pro- weight lamb production eth 
1b./6 months (lb.) portion of av. (lb.) attainment of adult 
adilt wt.&)  weight (lb.) 
Live weights (lb.) Ewes 5.6 	 32 	 80.4 56 11• 
Rams 8.3 	 42 	 - 83 - 
Table 3(b). Me at attainment of adult weights 
Time to point Time to Time to first time to Time between first lamb 
of inflection puberty conception as average production and attain. 
(years) (years) a proportion of adult went of adult weights 
time to av.sdult weights 
weight 1R. 7ts, 
Ewes 5 1 40 5 3 
Rams 6 1 40 5 
¼J1 
o) Red deer at Glen Feshie 
(1) Weight determination; 
2w nethuto of weight measurement were used for deer at Glen 
Fealge. 
Direct weight measurements of deer shot in wzta were 
expressed as live-weights using the conversion factors given 
in table l, - 
Where carcass weights were unobtainable, they were estimated 
from the length of jaw taken from the outer ridge of th e last 
jncjbor socket to the posterior edge of the jaw bone. 
ilttches.L (1969) found a linear relationship between the log. 
of carcase weight and jaw length of deer shot at the same ti me 
- 	t the .ytr. 	t xrLt of this &dwd is that it is Jnerrected 
by temjorary fluctuations in the nutritional changes of the 
environment. However, i-tcheli (1969) has stated that this 
method is more accurate for deer in younger age classes, but 
the uegree of accuracy was not given. 
Appendix 3, Fig. 4 & 5 show the growth rates of stags and 
hints at Glen Feahie, Relationship between age and attainment 
or adult weights are shown on tables 4(a) & (i). 
(2) Age determination: 
Methoca of age determination are similar to those of deer on 
Ebum, i.e. by tooth replacement and wear and by counting the number 
Of cement layers of the first molar 
04) 
of the lower jaw. 
E) &ackface sheep at Glensaugh 
iJata for the grcw th rate of rams wee not available for study. 
Weight and age data were obtained from direct antum live-weight 
measurements and both recorus respectively. Appendix 4 and Fig. 6 
show the growth rate of ewes at Glcnaaugh. 	Tables 5(a) and 5(b) 
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FIGURE 4: Growth rate of\ Stags at Glen - Feshie 
(derived from data in App.3.) 
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FIGURE 5: Growth rate of Hinds atGIen-FRãshie 
_-- (dczriv(2d from data in App-3.) 
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FIGURE 6; Growth rate 	/. 
of Ewes at Glensaugh $ 
(derived from data in 
• 	 • • App4) 











Tthle 4( a) 
et-e. 1970) 
Rate of growth Average weight Average weighb Average Weight added in the interval to point of at attainment at conception between first calf productior 
inflection in of puberty of calf as a ¶, t(lb) and attainment of lb./6 months (ib) proportion of adult weights 
_ av. adult i't .a_ 
Live weights Stags 19.0 158.2 - 266.1 - 
(lb.) 
Minds 14.9 146.4 59.5 179.3 18.9 
Table Ii.(b)Age at attainment of adult weights 





a proportion of averagc) and attainne nt of adult weights 
tint to average 
adult wt.&) 
3tags 7 2 -. 7 
Hinds 6 2 50.0 6 3 
-J 
Table 5(a) Relationship between age and adult weights of Blackface ewes at Clensaugh (derived from Jones. 1958 
hate of growth I Average wt. 	Average weight at 	l Average teight added in the interval to point of 
inflection in at attainment 
conception of lot 
adult between first lamb production 
1b./6 months 
lamb as a proportion of puberty( U) rtc ib) and attainment of adult of av • adult wt .( %) weights 
( Io , ) 
Live weight 13.0 71.0 	 92.0 - 101#. 12 
Table 5(b) Age a.t attainment of adult weights 






Time to first conception 
as a proportion of time 
to average adult wts.(%) 
Time to average
- 	adult weights 
Time between first lamb 
production and attainment 
of adult weights 
( 	L ) -. 
i 40 3 2 
I 
• 	
H 	• 	• 1t ati your 
/ 	
Vot at 	bQrty sal Vot at tit calf! 
• 
41 	 . • 
as a proportion a roportion of Sinai lamb production as a pro- 
H of final weight weight portion of fthal weight 
Rod d ZtMa 39.9 5801 a -- 
finds • 	 .5910 7508 	• 	. oil M= 
- 	
- 
Sonyheep  Rams 500 L 5010 - 
onfltrta twos •571: 	. ..'r57.i 	
• _____________ 
fledt3erat "tags 43.4 59.5 - 
ninde 61.2 81.7 89.5 C-lonftsldo 
Bisckface 	. . 	 •• 
tap at • .. 65.7 75.5 	.. 924 
(aenemigh - . . 	• 	- 	 • 
•• - 
D1bOLJIW 
In order to allow valid comparisons, growth rate data have been 
converted into various star4aras shown on table 6. &tnce it was 
impossible to treat these data by statistical techniques I have 
arbitrarily chosen a 1Qc difference between comparisons as indicatin8 
a statistical siwiricanc4gtt_cd ICt3) 
By the criteria of growth rate Soay sheep are the poorest in 
growth, red deer on kthum are nest, followed by red deer at Glen Feshie. 
The best of allwos BJ.acicface sheep at Glensaugh. It is tnterebting 
to note that this order at performance is also in order of increasing 
intensity of management of the populations. 
However, using the above IQ* rule as indicating a significance, 
ceJ' the iitference between Boay eknp and Blackhee sheep are 
oii ifin ant. 
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14, Rb2RODUOTIVE PERPOaLS4C1 
A. Introduction 
Reproduction is an important part of the production by the 
individual animal and the population, aid is influenced by a number 
of factors including nutrition, density of the population, season, and 
the past history of the animal, 
I • The influence of nutrition on rerntthctive nerfnrmnne.. nf .rilnI a 
U0 5C 4 fr&44 ~) 
It has been shown earlier in this thesis hw irnçortciit nutrition 
is to growth rate and the onset of puberty in animals. Likewise, 
Sadicir (1 969) has reviewed the reproductive performance of some small 
-a-'s  and ungulates and showed that there is a close relationship 
between nutrition end reproduction. Bullets on a high plane of 
trjt±en prnthqed their first egg at an earlier age than those fed at 
a low plane. Improved natrition before matins has increased, the 
conception rate in sheep. 	Also, LamminçW4) has shown that 
ovulation in ewes increased with an increase in the plane of 
nutrition. His results are shown on table 7. 
ScICflQ1r 
The's and a±tlz (1 949) reviewing the previous work done on the 
effect of nutrition on pregnancy in sheep, stated that a common ailment 
Of sheep with a low plane of nutrition during pregnancy is toxemia, 
which is often fatal, and that ewes carrying twins are most susceptible. 
Lowered protein intake caused still-births, reduced birth weights, and 
higher rate of post partum mortality. Reduction in certain vit nnl nA 
and minerals resulted in debilitated labs. 
Verme (1965) showed that for white-tailed deer, the number of 
fawns born per doe increased with increasing plsie of nutrition. He 
found that most of the strain of nutritional stress falls in the last 
third of pregnancy, 
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flble 7: Relationship between ovulation in ewes and an increase in 
the plane of nutrition (Sadleir. 1969) 
Treatment of ewes Ovulation per ewe 
 Store ewes 1.33 
 Ewes on submaintenance diet 1.00 
 Ewes flushed for 5 days 1.50 
 Ewes flushed for one oestrous cycle 1.83 
5 Ewes flushed for two days 2.17 
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.e4Lamples of increased reproductive performance with & high plane 
Of nutrition were also cited. by Sadlelr (1969) for rabbit, European 
Al-At  S 
hart, aid other rrtntngi  a. Jenkiva/ (1 94) also related hatchability of 
Young in red grouse to the nutrition of the parent before egg laying. 
.adl air (1 969) has cited examples of deer and sheep in which poor 
nutrition led to reduced number of aabzyos. Therefore during the period 
of poor summer growth of herbage, there is a tendency for these 
animals to produce fewer young.4n sheep, nutrition can also affect 
ovarian activity, not by directkreaponsivefless of ovaries to gonado-
tropin but by regulating the rate of release of gonadotropin by the 
pituitary. High plane of nutrition also allows the at zvival of ferti-
lised egg. £dney (1966) has shown that ewes restricted, to 15A normal 
maintenance diet after mating lost 47p of their ova after mating 
comparcd with the controls which lost 31>. 
The effect of nutrition can also be seen in the weaning success 
of mn.na1a. From parturition onwards, the female produces increasing 
quantities of milk, the nutritive content of which requires a corres-
pondingly increasing level of nutritive intake. At this time, the 
food and water supply is crucial to the survival of the mother and 
young. 
. The influence of population density on reproductive performance 
of individual animals 
The reproductive performance of an individual animal is related 
to population density. However, most studies on the effects of 
increasing density on reproduction have been complicated by nil ml ted 
food, supply. Definitive experiments were carried out by Southwick 
(1955) who studied three mice populations in which the unlimited food 
supply am shelter was placed evenly through the pen and throe in 
which it was confined to limited areas. He found, no djffercsrsces in 
reproduction which could be attributed to spatial arrangements, but 
the reproductive patterns in each population varied as each increased 
to hiki densities. Fewer females were ovulating and males produced 
fewer sperm. 
ken, Taylor and Claidláy (1964)have taiM that the litter size of 
house mice decreased with increasing density thus relating the individual 
reproductive performance to the population density, Thebirth-rate 
has been found to change with increasing density in a number of experi-
ments on pained mice. Christian, Loyd. and Davies (1965) stated that for 
house mice, there is a decrease in birth rates as the population increases. 
Lidicker (i 965) compared the reproduction in penned populations of 
four species and found that as density increased, breeding ceased 
completely in one Perornyacue maniculatus population, but was only 
reduced in another, while breeding continued, with little effect in two 
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FIGURE 7; Relationship between stocking density and 
lambing percentages of Cheviot sheep in Central 
Sutherland (1957- 69.) 
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Laws (1966) showed that with high population, the calving interval 
of the African elephant lengthened from 4 to 7 years, thus reducing their 
individual reproductive performance, 
lloyd (19630s, l 3 1964 19675:  has found that the breeding season of wild 
rabbit shortened with increasing density thus allowing fewer young to be 
born. Brambell (1948), Brambell and Mills (194) also showed that in 
this species there is an increase in prenatal mortality of the young as 
a response to high population density. 
wtlCLJ5fl-C. 
Other less ds#tdtive examples of the effect of density on reproduc-
tion was LaurA among the Cheviot sheep in Sutherland. The number of 
Cheviot sheep in Al era in;Sutherland increased between 1957 and  1969, and 
there was a parallel fall in the lambing percentage. The decrease was 
not ttv%44!eva a- to VaXiatiOAA in weather conditions • e.g. in some years of -- —
mild, winter and or good summer, lambing percentage had increased even 
though the population density was high. This is an example of the 
sensitivity of skteep to its environment, which in this case wac a 
combination orAPoPlilation? density, food supply when the density was 
high, and weather conditions • 	Table 8., Fig. 7 show the lambing per- 
centages of Cheviot sheep in Central Sutherland in relation to population 
density from 1957 to 1969. 
Tablet: Number and lambing percentages of Blackfoce sheep in 
Sutherland 0957-1969 
Year Ewe Total Lambs Total Lambing % 
1957 2,667 2 9 565 98 
1958 20673 2 0 166 85 
1959 2 9 768 2,453 90 
1960 2 0 980 2,507 87 
1961 2 2 902 2,615 92 
1962 3,021 2 9586 89 
1963 3,064. 3 9 832 94 
1964 3,121 2,825 90 
1965 3 9 220 2,791 88 
1966 3 2 275 2,616 82 
1967 3,270 2052 75 
1968 3 9144 2,282 76 
1969 3 9 168 2,362 77 
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Some wild mammals of arctic and temperate zones also fluctuate 
in numbers in a regular way. For example, Lemnus trimucronatus 
show a four-year cycle while the snow-shoe rabbit has a ten-year 
Cycle of numbers (sadleir, 1969). During the first and second year 
of L trimucronatus, the numbers become so great as to reach obser-
vable peaks. During the peek year of numbers, the breeding season 
is shortened and fewer young are born. There may also be a lower 
pregnancy rate durinG the peak year although Sadleir (1969) thought 
that the evidence produced by Christian)1965) for this was not con-
vincing enough. Among the snow-shoe rabbit, there is a reduction 
in the number of embryos per pregnancy during the years of build-up 
to the year of crash. Sadleir (1969) thought that for most species 
whieb exhibit a cyclic pattern of numbers, there is a correlation - 
between the attainment of puberty and the phase of the population 
cycle, and this is confirmed for the short-tailed vole by Charles 
(unpublished). However, for these mammals which fluctuate in 
numbers, it is also difficult to separate the effect of population 
density from their food supply.. 
Such populations can be compared with the Sosy sheep on Hirta, 
an island population which its number is thought to be regulated by 
the food resource as well as density (Boyd et al, 1963). 
Two population cycles were recorded for 1932-1961 by Boyd et al 
(1963) and the build-up of 1961-1967 by Grubb (1968). A density 
relationship was apparent. Following years when the population was 
large, survival was low in winter as 1954-1955, 1959-1960. Summers 
when the population was smaller were followed by high lambing percen-
tages, and winters with good survival. For example, following the 
crash of 1960 0 the lambing percentage of 1961 was unusually high. 
Mortality of the young increased as the population increased until 
35 
natality could not compensate for it, and the annual stepwise 
population change at last involved a net drop in numbers. 
There is no evidence of a similar effect of density on the 
reproductive performance of red deer on Rhum and Glen Peshie.. This 
is probably because the one-sixth cull has established their density. 
3. The influence of season on renrndnctivn nnrPnwnnnna 
Because of the climatic and environmental variation net in their 
reproductive cycle, some mammals have adapted their reproduction to 
have their young at the optimum season for survival of the young. 
In temperate regions, this usually falls in summer. Therefore 
species living in environments which change so that at certain times 
survival is better than others will tend to concentrate their birth 
periods relative to this time (Sadleir, 1969). 
There is generally a selection against those young born outside 
the breeding season. Flux (1965) showed that European hares (Lepus 
europeaus) in Canada which begin to breed at the beginning of winter 
and all the early litters perished due to cold. In this species, 
the amount of green grass available determines the incidence of preg-
nancy as well as the onset of cessation of breeding. Since the 
presence of green grass also depends on season, it is difficult to 
separate the effects of season and nutrition on the reproduction of 
this species. 
Likewise, in deer and sheep, births and weaning occur during the 
Optimal season when there is abundance of herbage growth of relatively 
high quality, so that the time of conception is pushed back to a poor 
season (i.e. winter). However, some variation in optimum season (i.e. 
summer) is known to have affected survive], of the young in deer and 
sheep in Sutherland (Cooper and Beddington, in preparation). In this 
case also it is difficult to separate the effect of season from nutri-
tion since the latter depends on the former. However, this is another 
l'E 3Ecü — cvtL. . vt-flt,A,j- 
example of the sensitiveness of deer and sheen and it is the degree 
of adaptation to these conditions that would determine their relative 
performance. 
4. Age and past history as they affect reproduction 
The age and the breeding history of animals are factors which 
influence their reproductive performance. Sadleir (1969) has cited 
several examples of the effect of age on the reproductive performance 
of small mammals. In muskrats very few females produce young during 
their first year, compared with the large number produced in later 
years. In European rabbit, Watson (1957) has shown that the litter 
size is smaller in younger does than older ones. In nine different 
studies made by Keith, Ronatad and lieslow (196, it was found that 
first litters were always smaller than later litters in snowshoe hare. 
Likewise, the age composition of the study populations of sheep 
and deer were found to influence their reproduction. Among the 
MI 	 2-  sJa ,.as C%S oawop au 	 U— I " J' fl 
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for the first, second, third and fourth lamb crop (which correspond 
to i-}, 21, 31 and 4T' year classes) the fertility was 100 9 110,12k 
and 127% respectively, showing an increase in fertility with age 
(Jones, 1958). Also the averages of barren ewes for the four age 
classes during this period were 9$, 	, 	and e' respectively, 
the incidence of barrenness thus being slightly higher in the younger 
age classes. Of the Wlas 	and 61Z that were barren in the preceding 
season in the last three age classes, 17w, and 15111o' were barren 
again in the following year. Jones (1958) has stated that among 
this flock, there were increased chances of barrenness following a 
barren year. 
For the Blackfaoe sheep flock under discussion, the recrds of 
1 945-1951 also showed that there wereabove average chances for the 
sane ewes to breed twins two years in succession, and this did not 
accentuate the problem of barrenness in the following season. 
This means that given adequate nutrition, ewes that are genetically 
capable of giving twins can do so annually. 
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Also related to age are birth and weaning teighta of lambs. 
LZ c,tPa5 
For single lambs birth and weaning weights increas
~4 with age of the 
mothers, but twin lambs xeadrd their peak with the third crop. 
In Soay sheep, fertility also increased with age until at the 
age of six when it reached a steady level. The incidence of twin 
births also increased with age (Grubb, 1968). Also, the percentage 
of lambs surviving out of those born per age class increased with the 
age of the mother. 
Data were not available for the reproductive performance in 
relation to age for Cheviot sheep in Sutherland. However, it has 
been shown that individual reproductive performance increased with 
age of Blackface sheep at Glensaugh and Sosy sheep on Hirta. 
Yeldness (i.e. mature female deer which fail to breed) is also 
similar to barrenness in sheep. On Rhum it was estimated by 
Mitchell (1969) that 40 of the mature hinds are yeld each year and 
that this may be typical of Scottish populations. Individual mature 
hinds may rest for 1-2 years in order to improve their bodily 
R. ems. 
conditions for successful breeding (u4ehe4L, 1969). Unlike the 
Slackfaee sheep at Glensaugh there is a higher fertility among the 
yeld hinds than lactating ones (91-1 O for' the former and 48-8y, 
for the latter),. 
Similar to sheep, there is also a variation in fertility with 
age of deer. The proportion breeding among the yeld and lactating 
hinds on Rhum increased up to 8 and 6 years respectively and this jas 
followed by a decline. 
Table 8( a) and 8(b) summarise the proportion breeding in each 
age class of young and yeld and lactating hinds on Rhum between 1958 
and 1965 (Lowe, 1969). 
11;] 
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B. Methods of determination of fertility in deer and sheep 
For any one species, an individual animal has its own rate of 
development and fecundity at different ages in its life (Andrewartha 
and Birch, 19514. The fecundity of an individual can therefore be 
expressed on the basis of age which gives the number of offspring 
produced by a female aged, say x. There are several' ways in which 
the age specific reproductive performance of individual animals can 
be represented, and in order to make comparison, of the study popula-
tions valid, the same method should be used. However, the fertility 
of deer and sheep populations under discussion were determined by 
various methods and the comparison of performance that follows 
therefore depends more on what data vera available than what 'I would 
prnfmr tn 
00 
i) Fertility by examination of Cor  lutea 
The fertility of deer on Rhum were determined by the presence or 
absence 'of Corp 'Iutea in the ovaries of the hinds. This method 
was used because some hinds were shot shortly after mating and preg-
nancy was not always obvious. This resulted in some late-ovulating 
hinds being classified as not breeding or others classified as 
breeding which ovulated but did not conceive. Although the results 
obtained from Corst'lutea were expected to represent the absolute 
potential of the reproductive performance, the values might have been 
over-estimated by false pregnancies which might have been included in 
the count. The values obtained were expressed as a percentage of 
the total number of breeding hinds pe.p age clasS (i.e. hinds that were 
3 years and above). The results are sutrnarised in table 9. 
2) Fertility from pregnancy counts 
Q4. Cav,c 
The fertility of deer at Glen Feshie was obtained by Mitchell 
at-&I (1 970) by counting the number of pregnant hinds (by embryo 
counts in deer shot) per age class. The number obtained was expressed 
Tab 1s2.  Fertility by one ol".ss of ewes and hinds of the study populations 
Age class 	Red deer 
in years on Rhum 
Soay sheep 
on Hirta 
Red deer et 	Blccicface sheep 




3 62.1 96.3 124 90 
4 55.6 107.9 77.1 127 
5 60.4 109.1 60.6 127 	I 
6 64.6 .1124 50.2 
7 76.8 112.4 41.4 
8 57.0 112.4 33.7 - 
9 72.2 112.4 24.3 
10 97.9 112.4 19.3 
11 56.7 112.4 14.6 
12 7.9 J112.4 9.2 
13 57.0 112.4 5.5 
14 56.7 112.4 2.3 
15 56.6 
16 57.1 112.4v- 
as a percentage of the total number of breeding hinds (3 years and 
above) in each ass class • This method should give a value which 
approaches the number of young that are likely to be born. However 
there are two problems involved:(a) to get a valid sample of yeld 
and milk hinds. It is often difficult to obtain data on pregnancy 
with equal sample sizemilk and yeld hinds. (b) There is a 
660* 
Possibility of in uteroLand still births, which tend to exaggerate 
the values of fertility obtained from pregnancy counts. 
However, this is a more realistic method of assessing fertility 
than the examination of Corpus lutes because the values obtained 
approaches the number of young that will be born. The results of 
fertility by pregnancy count for red deer at Glen Feshie are given in 
table 9. 
3) Fertility from the number of YOUM produced 
The fertility of Blackface sheep at tiensaugh and Cheviot sheep 
in Sutherland, the Soay sheep on Hirta were obtained by counting the 
number of lambs that were born alive or dead per age class of the 
breeding ewes. The results were also expressed as a percentage per 
Age class of the breeding ewes • The fertility data obtained from 
birth counts of sheep are comparable to those from pregnancy counts 
of deer except that the former do not usually include those young 
that are born prematurely. 
The problem of determining the fertility of deer from birth counts 
is the difficulty of identifying calves in April after a year of birth. 
Some calves can be confused with yearlings, especially if a poor 
growing year is followed by a good one. This confusion can lead to 
under-estimation of the fertility of deer. 
There were no data available for the age specific fertility of 
rams and stags of the study populations. 
Table 9 gives the fertility by ace class of hinds and ewes of 
the study populations. 
MIA 
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C • Calving rates of deer and lambing percentages of sheep 
The data for the lambing percentages of the three study popula-
tions of sheep vex's expressed as the number of lambs per 100 breeding 
ewes during the lambing period, i.e. at about May. On the other 
hand, deer counts are usually made in spring (March/April) following 
the winter mortalities, and calving rate is assessed as the number of 
calves surviving the winter per 100 hinds one year and above. The 
reason for not relating the calves only to the breeding hinds (as 
number of lambs were related to the breeding ewes) is because, of the 
difficulty of classifying hinds in the field by age other than calves, 
The results obtained for the calving rate of deer on Rhum using 
this method was 31 .7% (Mitchell, 1967) and 3 for Glen Feshie 
W4 	a'v 
1970'j. These esu1ta are not GOiUpUVaDLe with sheep 
because: 
Yearling and two-year-old females which are non-breeding 
were included among the hinds and this has under-estimated 
the calving rate of the average deer - when compared with 
sheep. 
The heavier winter mortality of calves has reduced the calf: 
hind ratio thus further reducing the calving rate of deer. 
In order to make the calving rate cc*nparable with the lambing 
rate of sheep life tables were used to find out how many calves and 
hinds of breeding age there were in the previous year. This was done 
for .Rhum and Glen Peshie populations by adding all the deaths (cull 
and natural deaths) per age class and then calculating back the 
population structure to the previous June when the calves were born. 
This method therefore makes the calving rate in June comparable with 
the lambing percentage of sheep in May. Using the method of life 
tables, the calvint rates of deer on Rhum and Glen Feshie are shown 
in table 10 9 Pig. 8 and table 11, Pig. 9 respectively. 
Table 10. Population structure and the calving rate of hinds on 
Rhum in 1959 
44 
Lne cyears lass x Total mortality in 1959 jLive population in April 1960 I 	(all deaths Population (all deaths' No. shot Natal in Juno 1.9$  Total deaths deaths] excluded) excluded) 
0 - 13.4 134 182 195 
1 7.0 2.8 •9.8 152 162 
2 26,6 0.9 27.5 163 190 
3 22.3 1.2 24.0 143 167 
4 17,2 0.8 18.0 104 122 
5 16.2 2.5 16j 78 95 
6 6.2 2.4 8,7 60 69 
7 9.4. 3.3 57 4- 9.6 8 13.5 4.1 b.0 33 
9 10,5 1.8 1IN 36 44 
10 8.4 2.4 ioj 19 
4.2 1.1 
39-zq 
 8 1-513 
12 - 
- 1,1 2 3 
13 - - 
- 4 4 
14 
- 1.0 L-O 2 2 
15 - 1.2 1,0 - - 
16 
- 1.2 j - 
- 
(i) The live population in April 1960 was derived from a combination 
of cullin& and natural deaths of animals whose ages were known, 
and a census of the population. 
(2) There were 195 female calves, and a calf sex ratio of 556:459 
(Lowe, 1969). Thus the total number of calves was 433 and the 
number of calves per 100 breeding hinds (3 years and above) was 
63.9 
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Table II, Female population structure and the calving rate of deer 











June, all No. shot Natural Total deaths deaths deaths added 
0 8.75 15.33 24.08 19244 217 
1 12.00 1.33 13.33 168.36 182 
2 20.50 1.00 21.50 155.03 177 
3 19.75 1.66 21.40 133.53 155 
4 17.25 1.00 18.25 112.12 130 
5 14.75 0.66 15.41 98.87 109 
6 13.75 0.33 14.08 78.46 93 
7 10.25 1.66 11,91 64.38 76 
8 12.00 2.66 14.66 52.47 67 
9 	• 5.25 2.00 7.75 37.81 46 
10 5.00 2.00 7.00 30.06 37 
11 5.75 3.33 9.08 23.06 32 
12 4.00 1,66 5.66 13.98 20 
13 2.75 2.00 4.75 8.32 13 
14 1.25 0.66 1.91 3.57 6 
15 0.75 0.33 1.08 1.66 3 
16 0.25 0.33 0.58 0.58 2 
The live population in April was derived from a combination of 
cull and natural deaths of animals those ages were known, and 
a census of the population. 
There were 217 female calves and a calf sex ratio of I male: 
I female. Thus the total number of calves was 434 and the 
number of calves per 100 breeding hinds (3 years and above) 
was 55 per cent. 
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Table 12. Female population structure and t}e estimate of calving 
ord. 
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% Fertility 






3 167 62.1 103 
4 122 55.6 68 
5 95 60.4 57 
69 64.6 45 
7 69 76.8 53 
8 50 57.9 29 
9 51 72.2 37 
10 39 57.9 23 
11 15 56.7 9 
12 3 57.0 1.7 
13 4 56.7 2.3 
14 2 56.5 1.1 
15 - 57.1 - 
16 - 56.9. - 
Ccr oec 
There were 429 	and 686 breeding hinds (i.e. 3 years and over). 
Thus, the number of calves expected per 100 breeding hinds was 63. 
14.6 
Thble 13. Female population structure and the estimate of calving 












3 155 88,5 136 
4 130 71,1 93 
5 109 60.6 66 
6 93 50.2 47 
7 -76 32 - 
8 67 33.7 23 
9 46 24..3 II 
10 37 19.3 7 
11 32 14.8 5 
12 20 9.2 2 
13 13 53 0.7 
14 6 2.3 0.1 
15 3 -1.4 0.04 
16 2 0.3 0.006 
1422.8 I 
There were about 4 embryos and 789 breeding hinds (i.e. 3 years and 
over). Thus, the number of calves expected per 10) breeding hinds 
14-7 
was 54. 
Table 14. Lambing percentages of BlacJejace sheep at Glensaugh 
(194.5-1954) 










1 954 116 
Average 	 108.4 
Table 15. 	ibing.percentagea Of Cheviot sheen in Sutherland 
(1957-1969) 














Average 	 . 	66.4 
4.8 
Table iG. Lambing iercentar.e of 8047 sheep on Hirta 1961-1966 
(Grubb, 1968) 
Lambing percentages and (number of ewes) 
1961 1962 1963 1964 
Yearling ewes 37.5(24) 40(55) 39.1(4-6) 39.1(23) 
2-year-old 
ewes 85(20) 81.8(22) 82.9(47) 80.5(36) 
Older ewes 112.6(87) 113.7(108) 113,3(105) 113.3(113) 
Average for 
all age 




Average lambing percentage = 91.5% 
No standard error can be calculated for the data on calving rate. 
Therefore I have added an independent estimate of the calving rate for 
al 
deer on Rhum from Cornl.utea, and for deer at Glen Feshie from 
embryo counts (Tables 12 and 13 respectively). The calving rate of 
cYcI 	 ___ 
doer, on Rhum from life table and Corpse- lutes, was 	The calving 
rate of deer at Glen Peshie from life table was 59/0, and from embryo 
counts 0 54Z. 
The method of estimating the calving rate Iran embryo counts and 
Corpus lutes, closely agrees with calculating back from life tables, 
which gives a confidence that the values given for calving rates are 
not greatly in error. 
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D. Dictcwwion 	 - 
The three most easily .compared aspects of reproduction of tie 
study populations of -sheep and deer are 
(i) A0  at first breeding 
A80 speoitic reproduction as a oilvinlazibing percentage 
Yèldnoso in deer and barrenness inheep 
Sheep in tenoral portQz'm better than deer in the abilar environ-
month investigate&. All three races of sheep bztc4 at an earlier 
age than redder, although this d.t,tfermco is not maeked in Cheviot 
sheep in Sutherlondihor. iaating is delayed until 2j years which is 
similar to rod, doer. The higher lambing percontagOs of sheep on 
Table 17 is partly due to the fact that sheep poteattatLy can prod U00 
,a,. t4 n.   s#b h4n-  . Lnwn. na 1.aa., .a.ta.at4w.na*44ata. ..sa . - --•--- -- --•-- 	 -. - 
deer  (Whitehead 1950; Lowe, 1969).  
- 	
The higher lb production in l3laokfece sheep is also explained.. 
by the- way that the flock is tawtaed such as canting ot awes whew 
reprcduotivc perfonzzxoo hats f'elThn, and rusting its controlled with 
few waite kept with ow" The incidence of barrenness in ows Is - 




5. THE ENERGY REQUIREMENT BY INDIVIDUAL 
A 	Introduction 
Energy 3.5 required to perform various functions such as the main-
tenance of the body structures, for muscular activities such as heart-
beats, respiration, locomotion and for growth, pregnancy and lactation. 
Warm blooded animals maintain their body temperature in cold environ-
ments by expending wore energy to produce heat and in warm environments 
by slowing the rate of metabolism. Energy requirement is related to 
growth because the synthesis of new substances expends energy. The 
growth of the uterus for example requires the synthesis of new cells 
with high protein contents. In sheep, the growth of the foetus, 
especially in the later stages, is markedly affected by the nutritional 
level, particularly the energy supply of the mother (Blaxter, 1962). 
Since species of animals. vary in size and food habits their indi-
vidual energy requirement is bound to be different, and this has pro-
vided a basis of comparison of their physiological weights. In 
measuring any communities of animals containing species of varying 
sizes, particularly where it is wished to compare their total turnover, 
either in terms of calories or biomass, Lamprey (1964) and Uacfadyen 
(1963) have recommended the use of energy requirements as a useful 
criterion, since it is an expression of the amount of animal life 
present in a given space. Lamprey (1964) did not think that other 
methods of comparison such as number and biomass are as meaningful 
and valid as metabolic activity of an individual. 
B. A comparison of Basal Metabolic Pate (B.M,.R.) of deer and sheep 
The Basal metabolism of warm blooded animals is the energy 
required for normal body functions such as re s,pation, blood circula-
tion, maintenance of the tone of muscles and the synthesis of 
chemical substances. It is the irreduceable calorific requirement 
of the animal measured in an even temperature when fasting without 
the stimulatory effect of food and in repose but not asleep (Blaxter, 
1962; Itactadyen, 1963). 
Brody (1945) find that in genera], the fasting metabolism per 
kilogram body weight decreases with increasing size but if expressed 
per unit of surface area, an homoitherms produce the same amount of 
heat. The basal metabolism of a wide range of organisms can there-
fbre be generally related to their surface areas, and this relation-
ship can generally be expressed as: 
U = 	KxW" 
RE 
Log it 	= 	Log K+nLogw 
where U = ¶Potel metabolj 
W = Weight of animal 
K and n = constants 
Since the surface area of a sphere is proportional to the * 
power of its weight, n has a value of about 4 if K is to be proportional 
to area (II&cfadyen, 1963). But for species varying in size from 
mice to elephant, Brody (1945) computed that metabolism varied with a 
power of 0.73 of weight rather than with * ( 0.66) power, i.e. the 
square of the cube root of their mass 
CLft4S4 
Kleiber (1947) #ewd a value of 0.75 for the exponent of weight 
and i*i Brodyte(1 94$ Jthe basal metabolism per kilogram raised to the 
'1w Lzo.tqn, . 
power of 0.73 averaged 70.5 K. calories in all species4 The relation-
ship of U = K x 170.73 therefore shows that energy requirement of 
mammals is directly related to their live-weights; and this provides 
a means of comparing one species with another of widely different 
sizes. This relationship also shows that heat loss is proportional 
to the surface area of the body. Hemingsen (1960) has also indicated 
that respiratory activity is related to the body surface areas in 
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animals more than one gram, and that this can be accurately expressed 
as: 
U 	K 
The generally accepted interspecific mean of Basal Metabolic Rate 
(BJLR.) of an species was given by Brody (194.5) as 70.5 x, calories 
K9. 
073, hours. This was later confined by Klaiber (1961). 
However, 4'iexter (1962) found that there are, exceptions to these 
generalisations and that sheep and cattle deviate from this relation-
ship, sheep being about 15ç lower and cattle about 19 1t higher. 
Brockway at al (1967) found that the red deer in Scotland is about 
27.7% higher. Silver, Co1os and Hayes (1959)  8130 discovered 
that eland and wildebeest in East Africa were about 41,e% higher. 
Deviation. of B.M.R. from the general interanecitW mean wts. 
thought to be due to environmental factors, which influence metabolism 
through their action as triggers for some behavioural patterns. 
Hormonal mechanisms also operate in this way (Uacfadyen, 1963). 
To show that effects of environment such as wind., temperature, rain, 
snow etc • can influence metabolism, Uacfadyen (1963). stated that the 
Q1 uotient of metabolic rates at two temperatures 10 °C apart approxi-
mates to 2, but that this occurs over a short period before regulatory 
mecha3lietz and acclimatisation ensue, 
The B.M.R. of ten herbivores are given on table 18. The table 
shows that the quantity of heat produced by small animals is greater 
per unit of body weight than that produced by larger and the term 
K.ca%24 hi-s. is roughly equal to 70, except for elephant. Although 
Kg. 
there are discrepancies in some species, these relationships are 
remarkably constant. 
Several estimates have been made for the B.M.R. of sheep ranging 




B . M.R. of Ten Herbivores 













flbinot1ouoe 4v21 3.6 171 60 
Rat 0.40 33.2 83 65 
Rabbit 2.6 117.0 45 58 
Goat (doe) 36.0 000.0 22 58 
Sheep 45.0 1160.0 26 72 
mite 	tailed deer 51.2 1323.0 26 75 
Sball horse 253.0 4588.0 18 61 
Cow and steer 500.0 6200.0 12 66 
Large horse 703.0 1189500 17 99 
Elephant 3672.0 49000.0 13 122 
0 
the method used to measure the heat produced, length of fast etc. 
Measurements for red deer also ranged from 76.4-106 K.cals/Kg03/24 hrs. 
Appendix 5 has summarised these various measurements with the conditions 
under which they were made. Comparison of B.H.R. of sheep and red 
deer were then based on these measurements that satisfy the above 
definition of B.M.R. determination. 
The conditions that should be met in order to make an accurate 
determination of B.ILR. are: 
since B.M.R.falls with increasing time of faat measurements 
should not be made before 32 hours or after 96 hours of fast 
(Blaxter, 1962). Measurements taken for sheep between 18 and 
32 hours overestimated the B.M.R. by 35%. When fast was too 
- long, the t.M.R, would decrease excessively. 
The animal should be fed at low level initially before fasting 
begins so that food may not have a stimulatory effect on 
(at) 
metabolism (Blaxter, 196<). 
The animal should be trained to be accustomed to the experi-
mental equipment such as metabolic cages etc. before fast, so 
that there will be no excitement caused by a strange environment 
which might raise the B.M.R. (Maloiy et al, 194; Maxtor 1962; 
Langlands et al 1963). 
An animal whose E.U.R. is to be determined should be sedentary 
and in a state of muscular repose (liacfadrerz, 1963 Blaxter, 
196. 
Temperature should not be too hot or too cold for the animal 
since this can influence the B.H.R. The environment in which 
(a) 
the experiment is conducted should also be dry (Blaxter, 1962). 
Blaxter (14W and Abrams (1968) stated that basal metabolism 
decreases with the age of an animal and that average B.N.R. 
can be obtained from those in the middle age class. 
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Ile: The measurements of energy requirements by several authors 
were expressed in terms of food, and they were converted into terms 
of energy by the follotdns factors from Coop (1961): 
1 lb. S.E. 	= 1.15 lb. T.D.N. = 1.10 lb. D.G.M. 
1 lb. D.O.11. 	= 2100 K.cals 
1 lb. T.D.N. 	= 2000 K.cals 
• (i) S.E. = Starch Energy 
D.O.M. = Digestible Organic Matter 
T.D.N. = Total Digestible Nutrients 
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DISCUSSION ON B.M.R. OF SHEBP AND DEER 
Appendix 5 shows that a B.M,R. of 56.6 K.cals/Kg°73/24 hi's, is 
common for sheep when given low level of feeding before fast began, 
fasted. for 4. days and the average metabolism taken for the third and 
tburth day, and trained to be accustomed to metabolic apparatus to 
prevent excitement. A B.M.R. of 56.6 K,calsAcg° '73/24 bra, will be 
applied both to Blackfaoe and 8ev sheep since Blaxter (1962) working 
with six breeds of sheep in Britain could find no breed difference 
in their BIU4B. Also a B.M.R. of 76.4 K,cals/Kg0 '73/24 bra, was 
obtained for red deer under most of the conditions listed above (shown 
in Appendix 6). The B.M.R. for red deer is also close to the 74.7 
K ,calWKg°'73/24 bra, obtained for white-tailed deer in North America 
Tables 19 and 20 show the B.M.R. of adult sheep and deer of the 
study populations. 
Table 19. The BJ1.R, of an adult Blackface sheep at C.lensau4i and 
an adult Scay sheep on Hirta 
Blackface ewe: 
B.M,R. of adult sheep = 
(56.6 K.cals)(adult live 
= (56,6)(44.1 Cg'73) 	 = 894.3 K.cals/24 hrp 
No data were available for live weights of Blacicface rams. 
Soay sheep ewe: 
(56 .6)(25.54 0*7) 
Spay sheep rain: 
(56.6)(38.2 Kg  ° '73) 
Table 20. The BJ1.R. of adult red deer on Rhum 
599.9 K.cals/24 hi's 
809,4 K.cals/24 bra 
Stags: Total B.M.R. = (76,4)(adult live 
= (76.4)(126.8 KgO.73) 
2.620 K.calil24 hi's 




This means that an average hind when fasting and at rest uses 
about twice the energy used by an average Black-face ewe at Glensaugh 
or Soay sheep ewe on }lirta. Stags use about four times the energy 
by an average Soay sheep rem on Hirta Data for the average live 
weight of Elackface rams were not available. 
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C 	The maintenancgenertv  qtiirsaent of 5teer and sheep 
	
• 	 Isenance ear as used here is the energy needed in excess 
of basal energy when an anawal is associated with pen4eeditg, drinking, 
• 	
utending and lying but not waiang.  (Appendix .7 and 8) . Zlaxter.(1%2) 	• 
.found that a 500 Kg, steer with :a basal metabolism of 8000 E.caie 
•npen?$K.calsmore per houtihen standing tha.n when lyingand 
each tiáe it gets up and lies down there is an additional expenditure 
S 
of 12 K.o&Le. 
• 	Various aeaai e'üenta of maintenance energy associated with the 
• 	above activities are summarised on tables 21(a) and 21(b) for sheep 
• 	 tI 
• and door. 
V 
- 	 ••• 	__i_ • • • 	 - • V 
I 
Table 21Lal. Total maintenance energy requirement of ath4t sheep  
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Blackfaoe ewe: 
= (119.3 X.calz)(44.1°73kg.) 
Blackface ram: 
(i) Soay sheep ewe: 
(119.3 K.calz)(25.5°73Kg.) 
(iv) Soay sheep rem: 
019.3 X.cals)(38. 2033Kg) 
= i.Qs2 K.cals/24 hrs. 
1261 	K.oalw'24 bra 
= 172ä2 K.cals/24 hrs 
Table 21(b).. Total maintenance energy requirement of adult deer 
Stag: 
(162.3 K.caJ.$)(126.80 "73Kg.) 
111th: 
-. 	 . 	 - fl -fl- 	 .. 	- 
(162.3 K.cals)(81.8''1tg.) 
5566.9 K.cals/24 bra 
- = 1o3x.caas/24 hz-s 
The grazing ene'gy requirements 
When an animal is grazing, its energy requirement is usually 
higher than indoor because of various weather conditions such as 
precipitation, wind and cold, and because the animal has to travel 
to get its food and water. Various measurements of energy require-
ments have been made for grazing domestic animals. Joyce et al. 
(1966) working with sheep found that sheep with short fleece when 
Placed in wind and rain increased its heat production by 91% of that 
required when placed indoor. Sheep with long, coarse fleece placed 
() 
in wind and rain had an increase of about 50/Z . Blaxter (1962)
a 
 
stated that a foraging sheep that walks 6,400 metres and c].imbslOO 
metres in a. day may need 20 more energy than the basal. A steer 
may need up to 1% or more eniary above Its bal vh;n grazirg. 
2. 	 determine 
Coop and Hill (196j) using chromic oxide dosage to/the digesti- 
bility of herbage found the grazing energy requirement of sheep in 
Australia to be about 207.4 K.c81Kg0 '73/24 hi's (Appendix 9). 
This value covered energy cost due walking horizontally and on a 
gradient, and of grazing on poor pastures. Since there is no more 
data in the literature available for the grazing energy requirement 
of sheep that includes all outdoor conditions likely to be met by 
sheep, comparison with deer will inevitably be based on Coop and Hill's 
IL 
(1967) data. 
The grazing energy of 207.4 X.cals/Kg0 '73/24 hi's, is 3.7 times 
the B.U.R. (i.e. 56.6 X.oals/1cg° ' 73/211. hrs.). 
Estimate of the grazing energy requirement of the red deer 
There were no data available for the grazing energy requirement 
of a grazing deer and therefore comparison with sheep had to be based 
on estimates. 
The average energy requirement of a pen-feeding deer at about 8 0C 
was 162.3 K.cals/Kg°73/24 hrs. It is from this value that the 
grazing energy will be estimated since the temperature of 8 °C is close 
to what deer experiences on the hills in most times of the year. 
The grazing energy can be estimated from the following 
relationship: 
Grazing energy = Pen feeding energy + extra energy due to walking 
and weather conditions 
Estimate of extra energy due to weather conditions 
Joyce et al (1966) found that sheep with short fleece placed in 
wind and rain increased its heat production by 91% of its energy while 
placed indoors. Sheep with long, coarse hair had an increase of 
about 50. The higher figure of 91% increase could be assigned to 
deer since their fleece is short, and because deer generally have a 
higher metabolic rate than sheep. Therefore extra energy due to 
weather conditions such as wind, cold, precipitation etc. is 91 of 
the pen-feeding energy requirement (147.7 K.cals./Kg0 ' 73/24 hrs.). 
Estimate of extra energy due to walking 
Darling (1937) stated that during summer when there is food, 
deer walks about one mile during the day and about two miles during 
the night, i.e • about 3 miles in 24 hours. In winter when there is 
little food, they move longer, about 3 miles on both directions, i.e. 
up and down on an altitude of about 300-400 ft., and back again in 
the same evening. This gives a walking distance of about 6 miles in 
winter. The average walking distance in winter and summer is there-
fore about i$ miles. 
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Since deer in Scotland is a bill animal and is known to cross 
Mc Vqo, oç 
the contours easily and rapidly (Lockie, 1969), I suggest that about half 
of this walking distance should be assigned to gradient (i.e. 2 
miles or 5.985 kin). 
C lapperton (1961) found that energy cost of horizontal walk for 
an average sheep weighing 100 lb. ,  (45.5 kg) was 30 calories per metre, 
and that of walking on a gradient about 10 times more (i.e. 322 cals./ 
metre on a gradient). No such data is available tthe literature 
for deer and it is therefore assumed that energy cost of walking 
horizontally and on a gradient is in the same proportion as sheep. 
Therefore the energy cost of walking on a gradient of 5.985 km 
at 322 calories per metre is 1927 K.calories. 
Energy coat of walking horiznntall'u. Th" 5955 km at 30 calcret 
per metre is 1 79,55 K.cels. 
Total energy due to walking is therefore 2106.72 K.cals/45.5 kg0 '73/ 
24 bra, or 130 K.cals/k6073/24 bra. 




162.3 7C.cals/kg0 '73/24 bra.) 
(Energy due to 	 (Energy cost 
+ weather conditions = 	+ of walking = 
147.71 .cals/kg0  73,'a hrs) 130 K,cala/kg° 
bra) 
= 140.0 t,cala4k2'73/24 bra, 	 • 
This estimate is a ..ia.Mum for deer grazing on the hill all d4y 
1$ 
walking the maximum possible distance under ntiturál conditi&ts, and 
subjected to bad weather, This estimate is about 5.7 times its basal 
metabolism. 
The estimate of 440.0 1C.cals/kg0 '73/24 bra, for red deer may seem 
very high compared with 207.4 K.cala/kg° '73 per day for sheep, but the 
lower value for sheep may be attributed to the insulAting effeot of 
its relatively longer fleece, and the fact that it is unlikely that 
sheep walk as far as i4 nibs per day. Moreover, most 'of the energy 
cost for deer comes from gradient (S. .e. about half of its walking 
distance, which costs 10 times its horizontal walk). But sheep is 
usually hefted (Hunter s 1964) aM it is unlikely that as inch as bolt 
of its walking distance can be on a gradient. 
It follows tinS there must be a considerable value to a red deer 
to expend so much enorgy in crossing contours particularly in an 
environment where the digestible energy of the herbc.ge is low. 
The grazinG energy requirements of sheep and door given are 
mañmuz possible values, and if there is over-eetsiatiofl, it is 
likely to affect both. This means that these values are not likely 
to affect the estimate of bow many sheep that equal to one deer of 
any particular population which will be considered here. 
E. The use of energy requirement in cornpzifl the metabolic boy 
weights of deer and sheep populations 
Technioues of oomparisn: 
From the available data on the population structures of deer and 
sheep was calculated the proposition of sexually nature males (6) to 
mature females (9) to juvenile males and females (9 + &). Suppose 
this was in ratio x:y:z, with the average live weight of each class 
of animal being V, V19 and WS respectively. Total metabolic body 
- weight of the population unit would therefore be; 
dt' • 	
-- - 
(lW1fl! 	 -Ic" 
I 
	





qtri rjjozt the metabolic body weight of a 
•'; 	a$ing sal 	land also for the ener' requirement, for different responses to 
•4hvironjnental conditions. 	 t I 
/ 
I The average metabolic body wieghb'for the population unit would be: 
1 	
7 Ad loqjr deer) - 
ME 
c. 
Determination of the metabolic body weights of sheep on Hirta and 
red, deer on Ehum using their grazing energy requirements 
Veer on Rhura 
The population structure of deer on Rhum in 1957 was as follows: 
Male and female juveniles i.e. 2 years and below (x) = 529 
Stags i.e. 3 years and above (y) 	 = 454 
Hinds i.e. 3 years and above (z) 	 = 411 
This is in ratio x(1.3) : y(i.i) : z(1.0). 
The average autumn live-weights of these classes of deer are 
x(57.3 kg), y(117.,7 kg), z(82.3 kg). 
The average metabolic weight of a grazin. deer in this 
	
population (Ad) = 	 t.1ki°1Int1ws = 
-e-t pp.C' 
8 affa' nQ.75.in'. 	 — - - 	 . .r 	 •Q I t • I 	 + 	
1% 
1 .8zJ 	kci*5.flJ 
1.3 + 1.1 + 1.0 
= 10.800 k.cals 
This means that an average deer on Rhun has a grazing energy require-
ment of 10,800 k.cáls per day. 
Soay- sheep on Hirta. 
The population structure of Soay sheep in the village glen on 
Hirta is as follows: 
Male and female juveniles i.e. 1 year and below (x) = 	225 
Rums 2 years and above(y) = 	39 
Ewes 2 years and above(z) = 	155 
This is in ratio x : y : z 
5.7: 1 : 3.9 
an 
The average autumn live-weights for these classes of shcep/x( Ii .4 kg), 
y(24.4 kg), z(31.9 kg). 
The average metabolic body weight of Soay sheep in the village 
" -7 
Glen (As) = 	 --, fRjbhl(tL. t@M.P. 
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(V.ct p -  L's) 
5.7511 40'7 .6 k.oa]3X.3.'+ 1531 	k.caI$(3. + 3as2w.oa3x%.6k.cal3)( 3447 
5•7: 	.Q + 3.9 
= 1705 k.oals 
i.e. an average Sony sheep in the village glen on Hirta requires 
1705 k,calories per day for grazing. 
In terms of energy requirement, the number of Sosy sheep units 
in ona deer = 	 kcala As 
= j Soay sheep units in one deer on Rhum. with the population dominated by lambs and yearlings 
IU• Sony sheep are small-framed animals/(Chapter 3) and it follows 
that the metabolic body weight will be correspondingly small, Thus 
the value of 6.3 Sony sheep units in one deer may not be in error. 
Determination of the mtt,bnito body weights of rei deer at Glc Fgahia 
and Blackface sheep at Glensaugh using their energy requirements 
Deer at Glen Feshie 
The population structure of deer at Glen Feshie is as follows: 
Male and female juveniles i.e. 2 years and below (z) = 651 
Stags i.e. 3 years and above (y) 	 = 523 
Hinds i.e. 3 years and above (g) 	 = 656 
This is in ratio z(1.6):y(1.0):z(1.3) 
The average autumn live—weights of these classes of deer are 
X(57-3 kg), y(117.7 kg), z(82.3 kg). 
The average metabolic weights of a grazing deer in this 
population (Ad) = 
1 .9X 7%57. 3 O173)(  76.4.k.ca1sS +1  JJt1 17t)  %Jeka1aS77 +1.3.5.PX% 4k.ca5.ff 
1.6 + 1.0 + 1.3 
= 1054.5.3 k.cale 
The energy requirement of a grazing deer at Glen Peshie is 10545.3 k.calS. 
the Blacld'ace sheep at Glensaug 
The population structure of Blaclif ace flock at Glenaaugh is as 
follows: 
Female juveniles (x) = 139 
Gimmers (y) 	 221 
Adult ewes (z) 	= 193 
The average autumn live-weights = x(6.8 kg), y(37.3' kg), 
z(4&O kg). 
The ewe flock is in ratio x(1):y(1.6):41.4.). 
The average metabolic body weight of a grazing ewe in the flock 
(As) 
i .056.8073)(56.6)(3.7)7 + 4 .6437.3073)(56.6)(3.7)7 + i 
1.0 + 1.6 + 1.4 
= k180 k.cals 
This means that an average grazing sheep at CCtenzaugh requires 
about LISO k.cals per day. 
The number of Blacktaco sheep units in Glensaugh that equals to 





In this comparison, the energy requirement con8idered for BJLR., 
pen-feeding and grazing d34 not include energy due to pregnancy and 
lactation. However,, In all cases,' deer has a higher energy require-
merit than sheep. This means that deer loses more heat than sheep. 
6.afl 
Maloiy and Kay (l967) have stated that in cold weather, deer loses 
more heat than sheep. In practical terms, this means that deer 
require a higher digestible energy than sheep. Maloiy and Kay( 1967) 
further stated' that the two species stem to digest food with the same 
efficiency. Therefore, deer can only achieve a higher intake of 
digestible energy relative to sheep, by eating more, or selecting 
more digdstible food. In addition, deer have a higher water require-
ment than sheep because &"er lose more water by evaporation, and also 
because it is unable to conserve urinary and faecal water (Malay and 
Kay 1967). 
,. POPULATION STRUCTURES 
A. Sources of data used for life tables and the problems involved 
The raw data required to construct life tables are the number 
of individuals or the proportion in each age class, and of each sez. 
In order to obtain a good estimate of the structure of the living 
population the criteria used for age and sex determination must be 
accurate and samples of the population should be free from bias, 
Cughley (1966) has listed the various methods by which life 
tables can be constructed from collected data: 
(i) By recording the ages at death of animals born at the 
same time. 
Recording the number of animals in the original cohort 
still alive at various ages. 
Recording the ages at death of animals marked at birth but 
whose births were not coeval. This introduces the error 
that some animals are possibly subjected to rather different 
conditions than the rest of the age group. 
Recording a sample of ages at death from a living popula-
tion with a stationery age distribution where the specimens 
were killed by a catastrophic event such as flood and 
avalanche. If the population is stationery, the calculated 
life table has a general application. If not, the age 
composition of the population, because it is still varying, 
the calculated life table may not be applicable. 
Recording the ages at death of representative sample by 
determining the ages of carcases from a population that has 
assumed a stationery age distribution, 
Giles (1969) and Mosby (1963) have stated that kill records are 
subject to errors because of imperfect methods of classifying animals 
by age • Errors can also arise from bias in shooting. Lowe (1969) 
and Mitchell (1910) have stated that shooting on Rhura and Glen Peshie 
respectively tend to select the heaviest animals and tiE refore the 
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kill records obtained from these samples may not be representative 
of the normal death frequencies of the populations. At Glen Feshie 
natural mortality occurs among the very young and older ace classes 
of deer, whereas a higher proportion of the hind cull tends to be 
taken from 2, 3 and 4 years old and most stags from 5, 6 and 7 year-
olds. Cooper (in preparation) has pointed out that in red deer, 
the heavier the cull, the less is likely to be a bias in sampling, 
and life tables calculated from these samples become more applicable. 
He further stated that when life tables are constructed either from 
(a) natural deaths or (b) culling deaths, it is less applicable to 
live populations than when constructed from a combination of all 
deaths. However, there may still be an error involved because some 
carcases may not be discovered and also young animals disintegrate 
very fast, and sex determination may be difficult. 
There is also a bias in life trapping of animals due to biolo-
gical reasons • For example (ales (1969) stated that the propensity 
of one sex to be trapped more than the other in some animals may 
lead to bias in sampling. Caughley (1966) working with the Thar 
(Hemitrarus .lemlahicus) in New Zealand has stated that behavioural 
and range difterencbetween males and females were responsible for 
bias in obtaining representative samples of this animal. Males 
tend to occupy terrain which was more difficult to hunt over than 
that used by females and therefore would be under-represented by 
samples obtained by hunting. During the summer, Thai' ranged in three 
main kinds of groups: one consists of females, juveniles and kids; 
a second consists of young males and the third of mature males. 
The task of sampling these three groupings in the proportions as 
they occurred throughout the area was complicated by their preference 
for terrain that differed in slope, altitude and exposure. 
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B. The determination of life tables for the study populations of 
sheep and deer 
1. Dvnanác life table for Bleckface sheep at Glensaugh 
Data for dynamic life tables are usually derived by following 
the fate of a group of animals that were born at the same time r 
These animals are collectively designated as a "cohort". Following 
the fate of a cohort to the natural death of the last survivors 
provides a record for a dynamic life table. Because it is neces-
sary to wait through the longevity period of every member of a 
cohort, very few dynamic life tables have been constructed for wild 
animals (Giles, 1969; Uosby, 1963). Likewise, no complete dynamic 
life tables were available for the study populations of red deer on 
Rhun and Glen Feshie and. Soay sheep on Hirta. 
The bill sheep are usually cast at about 5j years of age because 
of broken mouths. It was then possible to follow the fate of a 
cohort and to keep the mortality records. 
The Hill Farming Research Organisation has kept a record of the 
natural mortality of Blackface sheep at Glensaugh between 1957 and 
1965. Two large hefts Finella and Big Hill have been studied and a 
dynamic life table constructed from the number of sheep in a cohort 
alive at the beginning of each age class. The records available 
from HJJ.O. were only complete for hoggs and ewes up to 5.1- years 
old. Mortality data for lambs were obtained by calculation from 
Jones (1958) who found that only about 8Yo of lambs are weaned at 
Glensaugh annually. The number of lambs for the two hefts were 
therefore calculated from the assumption that the hoggs represent 
the 839 of lambs surviving neonatal mortality. Although this assump-
tion may under-estimate the mortality of sheep before they are put 
to the tup at about 1k years, there was no data available for 
mortality of Blackface sheep at Glensaugh up to this age for the 
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two hefts. But Jones (1958) has stated that the natural mortality 
of females is very slight from the time of weaning until they are 
put to the tup. 
Gunn (1967) has studied the seasonal distribution of the morta-
lity o Blaokface ewes at C-lsãu€h, and found the average annual 
death/to be about 	during the ten years period 1955-1965. Nearly 
7t of deaths occurred during the period of late pregnancy and early 
lactation of the ewes (March-June). There was a relatively small 
proportion of deaths in September and October due to the practice of 
culling ewes in autumn which otherwise might have resulted in their 
death on the bill. About 30$ of the deaths were due to accident, 
However, Gunn (1967) did not include lamb mortality in the average 
annual death of 	for Blackf ace ewes at &lensaugh. In order to 
make comparison of population structures of Blackf ace sheep 
comparable with deer, these various mortality factors have been 
included in constructing a, life table for the former. Also, ewes 
that were cast because of broken mouths have been considered dead 
because Jones (1958) and Gunn (personal Comm.) have stated that when 
hill sheep have a broken mouth, it is not likely that they can 
survive another year on the hills. When the feral Soay sheep on 
Hirta were examined, only 1.4% of rams and 11.8%  of ewes (average 
6.65) had ages greater than six years i.e. beyond the a€e that hill 
Blackface 
sheep are normally cast • This means that had the cast/ewes been 
allowed to remain on the hills, it is not likely that a significant 
number would survive beyond six years. 
The age distribution of Blackface sheep at Glensaugh is shown 
on table 27. 
2. Time snecific life table for deer on Rhuni 
On Rhuni, there were no complete data for the survival of the 
members of any one cohort because the study period by Lowe (1969)  was 
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too short (1957-1969) and did not cover the probable maximum longevity 
of red deer which is about 18 years, 	Studies on the population 
dynamics of red deer on Rhum were started by the Nature Conservancy 
in 1957. By June 1966, 91 .9$ of all the deer counted in 1957 had 
been shot or found dead, thus making it possible to construct a time. 
specific life table for the 1957 population. In June 1966, 597 
stags, 623 hinds and 236 calves had been shot or recovered dead from 
the 1957 population. There was about 804 of the counted 1957 popu-
lation to die • It was assumed that the 	survivors were distributed 
among the older age classes (i.e. 11-17 years) of stags and hinds in 
the same proportion as 1957. In that case, there should still be 30 
stags, 25 hinds (11-17 years old) and 20 of the original calves (i.e. 
1 . 9 years old by 1966). The life table constructed from this data was 
therefore composed of dead and still living of the 1957 population. 
When correction was made for those losses which were not known and 
which were probably due to poaching or drowning, the totals from the 
life table was close to the total number of deer counted in 1957. 
However, more stags were shot or found dead than were counted, the 
overall difference being 2.1 t I .6, which is negligible. 
Ago determination was by tooth replacement and wear. Some deer 
jaws were lost or eaten by other deer or rats (1W of stags and 1 
of hinds) or lost by other means (Loie, 1969). To complete the 
data for age distribution of mortality, this has been distributed 
among the age groups of deer in the population in the same proportion 
as the frequency of mortality. 
During 1957-1966,. death rates were not constant for either sex, 
except during the earlier and later life • Therefore, the irregular-
ities of death frequencies were smoothed by regression for 2-7 years 
for stags, 2-8 years for hinds and 10-17 years for both sexes. 
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Tables 22 and 23 show the SLC structure of hinds and stags on Rhum 
in 1957. 
3. Time-specific life table for deer at Glen Peshie 
Different methods were used to construct life tables for binds 
and stags at Glen Feshie. This is because some stags emigrated to 
the adjacent estate in winter and consequently many carcases were 
not discovered. Some extra stags moved into the estate (Glen 
Peshie) in summer. The hind population was reasonably stable with 
only 6 difference between winter and summer counts in contrttht with 
5 for stags. Therefore, the mortality data for hinds can be treated 
with the assumption that hinds are stable in size whereas stags are 
not (Mitchell, et al 1970). 
The hinds. The life table for hinds was based on the 
average mortality data (natural deaths and kill data) from 1967-1970. 
Some assumptions on which the construction was based is only approxi-
mate to reality. The population wasessuned to be stable in size 
and in composition, although this may not be strictly so (Mitchell, 
personal comm.). The average mortality data was tin assumed to 
represent the ace distribution. Female calves equals total female 
deaths, female yearlings are equal to female deaths minus calf 
deaths (table 2b. 
was 
The stag vopulation. The mortality data /a combination 
of natural mortality and kill data to provide an age distribution 
of the population. Average natural mortality from June-May were 
taken fro4n1966-1969. Since Mitchell (personal Comm.) thought that 
about 5 1 of the natural mortality of stags occurred outside the 
estate in winter, the average for each year was multiplied by 1.55. 
The total number of deaths was then expanded to a common base 
of 1000 for convenience, e.g. the average total deaths for all age 
classes at Glen Yeshie was 195. This was expanded to represent 
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1000 deaths; and the 4.1 deaths in age class I was 210. The 10 
deaths in age class 2 was 53. The mortality relationship, for all 
age classes was obtained in this way. 
In order to obtain the number of animals surviving at the 
beginning of each age class, it was assumed that a, group of 1000 stags 
died over 16 years (i.e, the longevity period of stags at Glen Peshie), 
and during the first year, 210 died leaving 790 survivors. During 
the socond year, a further 53 died leaving 737 stags to continue 
living and 80 on. This gives an lx series on table 30-. In order 
the 
to obtain the structure of/actual population, the lx series were 
related to the census data, and this is also shom on table 25. 
Time-specific life table for Soa.y sheep on Hirta. The 
population structure of Soay sheep on hirta was studied by Grubb 
(1968). Each sheep was caught and identified In the field and 
its age was recorded by its ear tag and also by tooth eruption and 
wear. It was then assigned to a particular age class. Untagged 
sheep, two years and below, were aged by their appearance. The 
marking scheme was considered comprehensive and it presented an 
accurate picture of a complete age structure • The population 
structure of 1960-1963 was reconstructed from the previous field 
notes of dead sheep of Boyd and other wprkers. To arrive at a 
population structure of 1963 for example, the number of dead sheep 
found in 196)+ were added into their appropriate year classes and the 
lambs born in 1964 were removed. By similar mathod., the populations 
of 1960-1962 were reconstructed. Adjustments were also made for 
the marked animals which died and whose carcases were not recovered. 
The average number of sheep in each age class for the village glen 
I. 
is shown on table 29% The result obtained is similar to Boyd at al, 
1963. The sex ratio of yearlings and above is in favour of females; 
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this is because in most years there was a heavy mortality of males. 
The tables also show that there were not only fewer males than 
females, but there were fewer age classes as well. On the whole, 
males have a less life expectancy than females. The maximum life 
span for males is about 9 years and for females about 12. 
From the age structures of the 1960-1969 populations in the 
village ,zlen, life tables cC cohorts were constructed on the basis 
of the number of animals surviving at the beginning of each age 
class (table 24). 
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x dx d'x l'x lx 
6 197 
1 137 137 1000 155 
2 85 97.3 863 134 
3 84 107.8 778 121 
4. 84 120.8 694 108 
5 84 137.4 610 95 
6 84 159.3 526 82 
7 85 1 89.5 442 69 
8 176 501.6 357 55 
9 122 672.7 181 28 
10 8 14.1.2 59 9 
11 9 16.6 51 8 
12 8 197.5 42 7 
13 9 246.8 34 5 
14 8 328.8 25 4 
15 8 492.4 17 3 
16 9 1000 9 2 
Note: The number of calves born in the live population (lx) was obtained by calculation from age specific fertility 
of hinds and sex ratio of calves in 1957. 
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1000 deaths; and the 41 deaths in are class I was M. The 10 
deaths in age class 2 was 53. The mortality relationship for all 
age classes was obtained in this way. 
In order to obtain the number of animals surviving at the 
beginning of each age class, it was assumed that a group of 1000 stags 
died over 16 years (i.e. the longevity period of stags at Glen Peshie), 
and during the first year, 210 died leaving 790 survivors. During 
the second year, a further 53 died leaving 737 stags to continue 
living and so on. This gives an lx series on table 3%. In order 
the 
to obtain the structure of/actual population, the lx series were 
related to the census data, and this is also shosi on table 25. 
z+4-* Time-specific life table for Soay sheep on Hfrta. The 
pcpulatinn structure of Scay sheep on Hirta was studied by Grubb 
(1968). Each sheep was caught and identified In the field and 
its age was recorded by its ear tag and also by tooth eruption and 
wear. It was then assigned to a particular age class • Untagged 
sheep, two years and below, were aged by their appearance. The 
marking scheme was considered comprehensive and it presented an 
accurate picture of a complete age structure • The population 
structure of 1960-1963 was reconstructed from the previous field 
notes of dead sheep of Boyd and other w'ç)rlcers. To arrive at a 
population structure Of 1963 for example, the number of dead sheep 
found in 1964 were added into their appropriate year classes and the 
lambs born in 1964 were removed. By similar ztfthod, the populations 
of 1960-1962 were reconstructed. Adjustments were also made for 
the marked animals which died and whose carcases were not recovered. 
The average number of sheep in each age class for the village glen 
is shown on table 29 	The result obtained is similar to Boyd at al, 
1963. The sex ratio of yearlings and above is in favour of females; 
this is because in most years there was a heavy mortality of males. 
The tables also show that there were not only fewer males than 
females, but there were fewer age classes as well. On the stole, 
males have a less life expectancy than females. The maximum life 
span for males is about 9 years and for females about 12. 
From the age structures of the 1960-1969 populations in the 
village ,zlen, life tables of cohorts were constructed on the basis 
of the number of animals surviving at the beginning of each age 
class (table 24), 
77 













x dx d'x l'x lx 
0 197 
1 137 137 1000 155 
2 85 97.3 863 134. 
3 84 107.8 778 121 
4 84 120.8 694 108 
5 84 137.4. 610 95 
6 84 159.3 526 82 
7 35 1 89.5 442 69 
8 176 501.6 357 55 
9 122 672.7 181 28 
10 8 14.1.2 59 9 
11 9 16.6 51 8 
12 8 197.5 42 7 
13 9 24.6.8 34 5 
14 8 328.8 25 4. 
- 	 15 8 492.4 17 3 
16 9 1000 9 2 
Note: The number of calves born in the live population (lx) was obtained by calculation from age specific fertility 
of hinds and sex ratio of calves in 1957. 
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x dx d'x lox lx 
0 170 
1 282 282 1000 112 
2 7 9.8 718 81 
3 7 9.8 711 79 
4 7 9.9 7013s 78 
5 7 10.0 691 77 
6 7 10.1 690 76 
7 182 266.0 75 
8 253 504.0 502 56 
9 157 630.6 249 29 
10 14 152.1 92 11 
11 14 1794 78 9 
12 14 218.7 7 
13 14 279.7 50 6 
14 14 388.9 36 4 
15 14 636.3 22 3 
16 8 1000 8 I 
Note: The number of calves born in the live population of calves in 1957 (ix) was obtained by calculation from age 
specific fertility of hinds and sex ratio. 
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out of 1000 
lambs born 
x lx lox 
0 	- 83.83 1000 
1 32.71 390 
2 29.86 356 
3 27.14 324 
4 25.71 306 
5 23,00 274 
6 17.57 209 
7 12.00 14.3 
8 7.83 9.3 
9 5.40 6.4. 
10 3.75 4.5 
11 1.66 1.9 







out of woo  
X lx lox 
0 84.42 1000 
1 24.14 286 
2 16.43 195 
3 8.86 105 
4 5.71 67.6 
5 31.3 40,6 
6 2.14 25.3 
7 1.20 14.2 
8 0.50 5.9 






















it dx d'x ltx lx 
0 1746 23.54 41.00 210 1000 133 1 8.13 2.31 10.44 53 790 105 
2 1.13 2.31 3.44 18 737 98 
3 3,79 1.32 5.11 26 719 96 
4 11.46 0.29 11.75 60 693 92 
5 20.79 1.32 22.11 113 633 84 
6 18.79 2.87 21.66 111 520 69 
7 16.79 0.81 17.60 90 4.09 .54 
8 14.79 3.39 18.18 93 319 42 
9 10.46 1.84. 12.30 63 226 30 
10 7.69 2.87 10.56 54  . 163 22 
11 7.13 0.81 7.94 41 	. 109 14 
12 4.79 1.32 	. 6.14 .31 . 	 68 9 
13 1.46 0.29 1.75 9 37 5 
44 2.46 0.81 3.27 17 28 
. 	 4 
15 0.79 	. 0.81 i.6o 8 11 2 
16 0.4.6 0.29 0.75 3 3 















x dx dtx lx lx 
0 15.33 8.75 2408 125 1000 192.44 
1 1.33 12.00 13.33 69 875 168.36 2 1.00 20.50 21.50 109 . 	 806 1 55.03 
3 1.66 19.75 21.40 iii 697 133.53 4 1.00 17.25 18.25 95 586 112.12 
5 0.66 14.75 15.4.1 80 491 93.87 6 0.33 13.75 14.08 73 411 78.46 
7 1,66 10.25 11.91 62 338 64.38 -8 2.66 12.00 14.66 76 276 52.47 
9 2.00 5.25 7,75 40 270 37.81 
10 2.00 5.00 700 36 230 30.06 
11 3.33 5.75 9.08 47 194 23.06 12 1.66 4.00 5.66 29 14.7 13.96 
13 2.00 2,75 4.7 25 118 8.32 
14 o.66 1.25 1.9 10 93 3.57 15. 0.33 0.75 1.08 6 83 1.66 
16 0.33 0.25 0.58 
. 	 3 77 0.58 
0 
Table 21. Age structure of Blackface owes at &lensaut 
in years 
Age class  
No. of animals surviving at the 










1000 born Finella Big Hill Average for heft heft both hefts class 
0 103 230 333 100 139 1000 
1 86 190 276 183 116 835 
2 83 159 242 88 105 755 
3 81 140 221 :91 92 662 
4 65 121 186 80.9 75 54-0 
5 39 17 56 30.2 23 165 
rd 
Table 28. Survivorships of the study populations of sheep and deer (Number surviving out of 1000 animals born 
(out of 1000 yearlin?s for deer on Rhum)) 
Age class 
in years 







Stags hinds Rams Ewes Stags Hinds Rams Ettes 
0 1000 1000 1000 1000 1000 
1 1000 1000 273 396 790 875 ,835 
2 718 863 182 339 737 806 755 
3 711 778 101 317 719 693 662 
4 704 694 65 314 693 583 540 
5 697 610 39 256 633 487 165 
6 690 526 23 234 520 407 
7 684 442 12 220 409 334 
8 502 357 4 177 319 272 
9 249 181 2 130 226 196 
10 92 59 47 163 156 
11 78 51 17 109 120 
12 64. 42 6 68 73• 
13 50 34. 2 37 43 
14 36 25 0 	. 28 19 
15 22 17 11 8 
16 8 I 9 I 
I 
Table 29, The percentages surviving beyond eight years in the 









Males 9,9 0.2 10 10 0.0 
Females 7.4 4.0 10.3 0.0 
On Rhum only about 8.19' of the deer population had ages 
greater than eight years (Lowe, 1969). One of the most important 
factors causing mortality in these age groups was an imperfect set 
of teeth due to their wearing out in old deer. Deer with badly 
worn teeth were incapable of grazing or ruminating and therefore 
died of starvation. About 13.4% of calf deaths was due to eagles 
(Aquila chrsfretOs (L)). Some yearlings died from falls among 
rocks. Some deer of both sexes also died of accidents, falls off 
cliff edges etc. but 87.9) of deaths of all ages was due to mal-
nutrition and starvation. Lowe (i 969) found that these deaths 
coincided with adverse weather conditions prevailing especially in 
winter, which reduced the quantity and quality of suitable food. 
It was also found that peaks of rainfall were always followed by 
peaks of mortality. Natural mortality exceeded the average of 
3.9$ in 1958, 1960 and 1962 when the average rainfall was above 
20 cm per month during July to March. 
Among the Soay sheep on Birta, about 7.t of eweshad ages 
greater than seven years, and 5.4% of the rams had ages greater 
than four years. Gwynne and Boyd (1969) stated that in all years, 
and particularly in years of heavy mortality, sheep typically died 
when 
in late winter and early spring,/ both sexes are then under stress. 
At this period the ewes were in later stages of pregnancy and early 
lactation, and the rams in poor condition following the demanding 
period of the rut in October and November. During this critical 
time from January until mid-April, the sheep did not take enough 
digestible energy to meet their requirement for maintenance, move-
ment and production (Gwynne and Boyd, 1969). However it is not 
yet known whether poor nutrition alone was the cause of winter 
whether 
mortality, or tStn some aspects of sheep behaviour was also 
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involved, through competition for food, perhaps aggravated by crowding 
at high numbers. Many sheep have been found dead when there was new 
growth of grass available, and possibly they were unable to utilise 
this in full - because of behavioural interactions, especially in 
years of higher population density. Years of high population 
density were followed by high mortality. 
Table 28 compares the survivorships of deer and sheep of the 
study populations. 
Sex Ratio 
Parity was not achieved until the age of 5 years on Ehuri. Low* 
(1 969) thought that this was probably due to shooting more young 
hinds than young stags. However, as equal expectation of life was 
not reached until the age of 3 years before the introduction of the 
heavy cull (i.e. before the one sixth cull), it could also be a 
natural biological difference rather than a response to management. 
Hinds of 5-8 years were the most fecund and LowC (1969) con- 
sidered this to be the prime age classes. Most of the stags were 
prime at 7-9 years. Sex ratio at these age classes was 61.6.3: 
100 2 from prime parents. Those from younger and older deer were 
1 0081009. Of the cexable foetuses (4 cm 2.5 gins and over) 
obtained from milk prime hinds, 64.% were females in contrast with 
only 2 females from the other age classeS. From the difference 
between prima hinds and the remainder of the female deer in fecun- 
dity and sex ratio, Lowe (1969) concluded that it was the age and 
the 
not/breeding condition that influenced the sex of the progeny. Twin 
foetuses were recorded on Rhum in 1958 but twin births have never 
been reported in Scotland (Whitehead 1950; Lowe, 1969). Births 
are therefore invariably presumed to be single in red deer. 
Table 29 shows the percentage of deer and sheep surviving beyond 
eight years of age. Very fewedeer of both sexes on Rhun and at 
Glen Peshie survived beyond this age. Mitchell et al (1970) have 
found that natural mortality of young and old, deer occurs mainly 
between late February and late April as a result of poor nutrition, 
Some older deer also died of starvation because of badly worn cheek 
teeth. Mitchell (personal Comm.) has stated that natural mortality 
of calves was under-estimated because the very young ones decomposed 
too rapidly thus making it impossible to determine their sex. 
From available figures of sexab],e embryos from yeN and milk 
hinds at Glen Feshie, sex ratio was close to parity. The figures 
were 115 males and 108 females out of a sample of 223. Mitchell 
(personal comm.) also stated that there were no sugest'  in ns of major 
differences between yeld or milk hinds, or between young and old 
hinds. 
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7. A. Population Pocundities 
Using the age specific fecundities in table 9, chapter 4, the 
life tables on tables 22 ,2Lhapter 6, sheep/deer equivalents in chapter 
5, and the acreages occupied on year-long basis by. each flock or herd 
on table , the population performance was calculated. To calculate 
the production from the standing populations of sheep and deer, the 
following standard of animal units (from the grazing energy require-
ments in chapter 5) was used (table 30). 
Table 30. Phvsiolo,tical teights (animal units) of sheep and deer 
from their grazing energy requirements 
Species of Crazing en 	y requirement Animal equivalents based animal K.calWI/2/f bra, on energy 
- requirements 
Red deer on - 
Rhum 
- 10 0800 - 1.0 
Red deer at 
Glen Feshie 10,545 1.0 
Blackf ace sheep 49 180 2.8 at flensaugh 
Scay sheep 1 9 705 6.3 onliirta 
Biomass of production from the deer populations was calculated 
using the4 average carcase weights of juveniles, adult males and 
females (132 lb.). Data on carcase weights of sheep were not 
available for study but Gunn (personal comm.) has said that 5 of 
the live weight is an acceptable approximation to the carcase weights 
of both Bogy and Blackface sheep. Thus, the carcase weight of 
Soay sheep was taken as about 32 lb • and Blackface sheep as 48 lb. 
Tables 31 and 32 show the lamb and calf production from the 
standing populations of sheep and deer, while table 33 compares their 
production per acre in terms of biomass and physiological weights* 
Soay sheep has the highest production followed by Blacd'ace sheep, 
red deer on Rhum and Glen Peshie • The higher production of the two 
4L6O 
sheep populations can be attributed to twinning, and because they 
become sexually mature at an earlier age than deer. Moreover, in 
deer, fertility decreases with age whereas there is no evidence for 
this in sheep (Jones, 1958; Grubb, 1968). Fewer ewes are batten in 
any one yecr compared with red deer hinds. The high production by 
Blackface sheep can also be attributed to the veterinary care which 
is given to reduce natural mortality e.g. dipping to remove ticks, 
and the supplementary feeding sometimes given to cheep in winter. 
b) Blaclface sheep at Glensau gb  
Ewe a 	Age-specific 	Production fecundity per age olaa$ 
139 0 0 
116 100 116 
105 110 116 
92 124. 114 
75 127 95 
23 127 29 
550 	 470 
Table 31,. Production of lambs from the populations of sheep in Iy 
a) Spay sheep on Hirta 
An C1&ZS Rams Ewes Age-specific 	Production 
in years 	 fecundity per age class 
0 84. 84. 0 
I 24. 33 39.7 13 
2 16 30 82.3 25 
3 9 27 96.3 25 
4 6 26 107.9 26 
5 3 23 109.1 28 
6 2 17 1124 20.2 
7 1 12 112.4 13.5 
8 1 8 112.4 8.9 
9 0.33 5 112.4 5.6 
10 4 1124 4.5 
11 2 112.4 2.3 
12 0.3 112.4 0 
146.33 272 	 172.3 
Note: (a) The population of Soay sheep on Hirta fluctuates within rather wide limits. However, the population used 
here was the average of the build-up between 1961-1967 (Grubb, 1968). 	 was. 
(b) The Blacidace sheep population represents the average of two hefts for 1961-1965 and carbOc assumed to be 
close to a stationary population3 (Gunn, personal cow.). 
'0 
Table 32. Calf production of standing populations of deer in Jur2 
P) Deer on Rhum 	 d) Deer at Glen Peshie 
Age class Stags _____ Rinds _____ Me-specific Production in years fecundity() 
0 170 197 
1 112 155 
2 81 134. 
3 79 121 62.1 75.1 
4 78 108 55.6 60.0 
5 77 95 60.4 57.4 
6 76 82 64.6 52.8 
7 75 69 76.8 52.9 
8 56 55 57,0 31.4 
9 29 28 72.2 20.2 
10 11 9 57.9 5.2 
11 9 8 56.7 4.5 
12 7 7 57.9 LI 
13 6 5 57.0 2.9 
14 4 4 56.7 2,3 
15 3 3 56.6 1.7 
16 1 2 57.1 1 •1 
Totals 874 1082 371.8 
Age-specific Production Stags 	




96 134. 88.5 118.6 
92 112 71,1 79.6 
84 94 60,6 56.9 
69 79 50.2 39.7 
54. 64 41.4. 26.5 
42 53 33.7 17,9 
30 38 24.3 9.2 
22 30 19.3 5.8 
14 23 14.8 3.4 
9 14 9.2 1.3 
5 8 5.3 0.4 
4 4 2,3 0.1 
2 2 1.4 0,03 
0.4. 1 0.3 
964.4 	117I 	 359.43 
N) 
Table 33. A comparison of production of the standinp populations of sheep and deer 
Species of 	3jjt]• Scay sheep BisoRface sheep Red deer Red deer at on Hirta at Glensaugh on Rhun Glen Fezhie 
Area occupied on year-long basis (acres) 432 2 9400 24,900 41 1,000 
Number of animals (and their equivalent in animal 
units in brackets) 418(66) 550(220) 1956(1956) 2028(2028) 
Number of animals produced per year (and their 
equivalent In animal units in brackets) 172.3(27) 470(168) 371.8(371,8) 359.4(359.4) 
Production in 1b./acre (an equivalent of animal 
units in brackets) 12.7(0,06) 9.4(0.07) 1.97(0.01) 1.2(0.01) 
Note: Animal units were derived from physiological weights using the grañng energy requirements of sheep 
and deer (table 30). 
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B • Population fecundities if sheep and deer were managed in a 
similar way 
If deer and Soay sheep were managed like. Blackface sheep i.e. 
killed at an age when survivorship and perhaps fecundities declined 
substantially (5-z,-Qan to--Soa'--oheop--eM  9 years for red deer), it 
is possible that their production might increase. The number of 
Soay sheep and deer normally surviving beyond those ages were 
redistributed in the proportion that the younger age classes occurred. 
The populations in tables 31 and 32 were made to be dominated by 
females in the ratio 909 : 108 by redistributing the extra males from 
the populations in the female age categories as shown in tables 34-
36. Thus, the population size of each herd remained the sane but 
the composition.sinulated a. ewe flock with few tupps, Table 37 
compares the production per acre in biomass and animal units. 
As might be expected, the level of production by deer and Soay 
sheep was considerably raised by producing ,a largely young female 
flock or herd. However, the increase did not raise deer to the 
level of Blackfgce cheep. This might imply that Blackf ace sheep are 
as well adapted to using hill land as deer. However, the effect at 
even a limited management is confounded with the ability to use hill 
land effectively and the two are difficult to separate. One cannot 
on red deer 
simulate/an the management practices of the shepherd. For example, 
one cannot winter yearling deer away to avoid winter losses as is 
sometimes the practice with hoegs. 
In contrast, Soay sheep are more productive than either Blackface 
sheep or red deer. This may be accounted for partly by the early age 
at which they first breed. However, they received no management at 
all and presumably a part of their greater production might result 
from their close adaptation to the environment in which they live. 
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The implication is that both Soay sheep and red deer are probably 
better adapted to marginal land than bill sheep. 
Although Blackface sheep produce more meat per acre than deer, 
biological productivity is not the only criterion that decides the 
use of livestock on marginal lands. It has been pointed out in 
chapter 1 that the use of livestock on inarginal land is also linked 
with economic factors and that the productivity of some marginal 
lands cannot be appreciably raised without an input of money out of 
all proportion to the gains. Therefore, although sheep are more 
productive than deer partly because of the higher intensity of 
management, hill sheep farming may not necessarily be a profitable 
enterprise. Chapter 8 therefore considers the relative costs of 
management and reveriiac froB sheep and deer populations. 	 . 
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Table 34.. Redistribution or rams and et8 on Hirta in a 909 108 sex ratio with the total popujstIpn 
remainirw the same 
Age class in years Rams Ewes Ago specific fecundity Production of lambs 
0 25 14.1 0 
1 7 56 39.7 22.2 
2 5 51 82.3 41.9 
3 2 4.5 96.3 4.3.3 
4 2 44 107.9 47.5 
5 1 39 109.1 42.5 
TOTALS 42 376 - 197.4 
Table 35. Redistribution of stags and hinds on Rhum in a 909 1 08 -. sex ratio with total population 
remaining the same 




0 39 337 
1 25 262 
2 18 226 
3 18 204 62.1 126.7 
4 18 182 55.6 101.2 
5 18 160 60.4 96.6 
6 17 138 64.6 89.1 
7 17 117 76.8 89.9 
8 13 93 57.0 53.0 
9 7 47 72.2 33.9 
TOTALS 190 1766 590.4 
'0 
-4 
?tti& 36Redistribution of stags and hinds at Glen Poshic: in a 909: - 108. sex ratio with the total 
population renaming the same 
Age class in years. Stags Hinds Ago Epeoitio fecundity (%), Production of calves 
0 32' 342 - 	 - 
•1 , 26 300 
• 	2 23 	
• 
276 
• . 	.. 	3 -. 23 239 ' . 	211.5 
4 22 200 71.1 	. 1422 
• 	5 20 	,.. 1167 60.6 101.2 
6 	 ., 46 141 ' 	 50.2' 	p 
, 	
, 	70.7 
-. 	7 	- 	. 	- - 13 	- - - 	114 	-. -• 41.4 - 	 - - 	 47.2 
8 10 96 33.7 32.4 
9 7 68, 243 16.5 
TOTALS 192 1943 
. I 	621.7 
8, A COMPARISON Pr  COSTS P AND REVM17 FROM THE POPULATIONS 
OF SHEEP 	AND 	DEER 
A. 	Deer on Rhurn 
(i) 	The annual expenditure for the management of deer on Rhum is as 




 Wages of stalkers 769 
 " 	ghillies 675 
(a) Cost of rifles etc. 100 
 Upkeep of ponies 290 
 Larder and vehicles 120 
(i') Rates 250 
£2,204 
- 
£ I U UU 
Wages of stalkers were calculated at 3&) of their annual 
salary, i.e. 20 weeks out of 52 for work done during the stalking 
season (18 weeks for stalking and annual census for 2 weeks). 
Wages of ghillies were calculated at 8%t of their annual 
salaries. During August and September, a number of other jobs such 
as hay and corn harvests required to be done and 1 of the time of 
the stalkers would not be devoted to stalking. 
Cost of rifles inoluded ammunition, rifle repair, replace-
nnt, binoculars and protective clothing. 
(2) Revenue 
Current prices of venison (from the Red. Deer Commission) 
(personal connn.): 
Basic (in skin) 
" (skinned) 
Clean shot (in skin) 
" 	U  (skinned) 
Neck shot (in skin) 











Badly shot - haunch and saddle (in skin) 	10p/lb 
St 	 SI 	 SI 	 SI 	(skinned) 10,89/lb 
The average price of a stag if sold for sport is about £30 
(Mitchell, personal Comm.). 
Trends of Prices in Venison 
Peak in price of venison was reached suddenly in 1969 when the 
best shot deer (neck shot, skinned) was 22.5/lb; it fell to 17.9/lb 
in early 1970 and in December 1970, it fell to 14.17/lb. 
The trendsa due to the effect of import of venison from New 
Zealand to Germany, Germany is also the main importer of Scottish 
venison, and when New Zealand import increased, the price for Scottish 
venison fell. 
Data were not available for study for the costs of management 
and revenue for the deer population at Glen Peshie. However, over-
heads and costs of equipment is not likely to differ much in Scottish 
deer forests. Therefore, the data for deer on Rhun will be used for 
deer at 
Alen Yeshie. 
B. Coats of management of Blackface sheep at Glensaugh 
(i) The annual cost of management of the ewe flock at Glensaugh 
includes the following items: 
Initial cost of ewe lamb 
Hogg wintering 
Reeding: a) Supplementary feeding in winter 
b) Rental for grazing hill land. 
C ) SL*pLela 
Cost of drugs 
Cost of rams 
6 9 Government subsidy. 
The averagecost per ewe of the above items for 4 years is £23.63 
or £5.25 per ewe per year without government subsidy (Gunn, personal 
Comm.). If the government subsidywas included, the annual cost w'ould be 
£6.30 per ewe. 
(2) Revenue from hill sheep 
Average cast ewe price - 	a 
Average store lamb price 
of 	fat 	" ft 	 R4 
Average fleece value per ewe 	75? 
Therefore., the average revenue from a ewe £4,75 if sold live, 
off the bill. 
Table 38 gives a comparison of costs of management and revenue 
from the populations of sheep and deer. 
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Table 38. A comparison of costs and revenue from the populations of sheep cnd deer 
Species of 
animal 
No. of animals 
in 
population 




















stags sold for 
sport and ewes 
sold live () 
(a) Profit 
(or loss)/ 





on Hirta 418 - 172.3 5513.6 - - - 
Blcokface "2987.50 
sheep at 550 withoutvt. 470 22560 - 2232.50 - 0.86 - 0.31 
Glensaugh subsidy 
Red deer 1956 2718.84 3710 49077.6 8901.27 10073.16 + 0.25 + 0.30 on Rhwn 
Red deer 
at Glen 2028 2818.92 359.4 47441 8661.70 9748.08 + 0.14 + 0,17 
Fesbie 
* Government subsidy for the ewe flock at iflensaugh at £1 .OSp/ewe is about £577.50p. 
0 
DISCUSSION 
Although sheep produce more meat than deer, the coat of getting 
the extra troduction in sheep is high compared with deer. Indeed, 
the sheep subsidy is needed to cover the lose whereas deer make a 
profit. 
The implication of this for the use of marginal and submarginal 
land is that except where good low ground allows an intensive system 
for sheep, the system must remain a low input system. Under these 
circumstances, red deer are the more profitable. This suggests that 
the difference in production between red deer and Blackface sheep is 
largely the extra management that sheep can be given, and which cannot 
be done for deer. But the cost of achieving it in sheep is not 
matched by a sufficient increase in production. It folsows that it 
one intensifies red deer management, one would probably arrive into 
the same difficulty as it now exists for hill sheep, i.e. paying too 
much for too small an increase in production. 
An earlier statement that Blacitface sheep were as well adapted 
to hill land as red deer may have to be modified if as suggested, the 
difference in production is largely due to management. This can only 




Comparisons were made of deer and sheep populations under 
similar ecological conditions and fetus of management on sub-
marginal lands. Blackface sheep and red deer were compared in the 
central highlands and red deer and feral Soay sheep on Hebridean 
islands. Criteria of Comparisons include growth rates, fecurxlities, 
energy requirements at various levels of activity, population struc-
tures and survivorship, meat yield of populations, cost of management 
and revenue, 
Blacicface sheep at Glensaugh showed the highest growth rate 
followed by red deer at Glen Feshie and Rhum, with feral Soay sheep 
having the slowest growth. The two populations of sheep performed 
better than deer Th fe -urites partly bccaute of twinthi and 
management,, and because fertility of ewes does not decline with age 
as in red deer hinds. Fewer ewes are barren to rams in any one 
year compared with hinds. 
The Basal Metabolic Rate (LLLE.), pen-feeding energy require-
ment and the grazing energy requirement per Kilogrom U.ve weight ° '73/ 
24 bra, is higher in deer than sheep. Although red deer move across 
the contours easily and make use of available habitat much more than 
sheep which tend to be hefted, their energy requirement is correspon-
dingly higher. The digestive efficiency of both species is similar 
and therefore deer can only achieve a higher intake of digestible 
energy relative to sheep by eating more or selecting more digestible 
food. 
Age-specific mortality, census and classification data were used 
to construct life tables for the populations. In tens of survivor-
ship, deer live longer than Blackface and Soay sheep. About 103 of 
deer of both sexes at Glen Peshie., and 8.4w of deer on Rhuxa live 
beyond 8 years of age, compared with only about O.a,Z for feral Soay 
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sheep. $laokfacs sheep an usually cast fits the hills at about 5k 
7flfl Of 60*. By analogy with the feral population of 3osr  Sheep, 
it anus that even it Blacktice had been allowed to retain on the 
hills it is not likely that more , than 6.6% would survive beyond the 
5k years. 
Using Ms-specific ficundities, lift tables, sheep/don equiva-
lents (eros the graing ,nngy requirements), and the sonagsi 
occupied on yesr4ong basis, the production for situp and den were 
calculatid. blaokface and Sosy sheep produce more seat per acre 
than deer because of the advantages of sheep already mentioned. 
When models were constructed for deer in which the population was 
dominated by young fecund females in order to simulate the management 
of ioktai shp., tnp±'oQt&on was increased, but was still less 
than sheep. However, it cost* more to product a pound of mutton 
than * pound of venison. therefore, although Bls*kface sheep produce 
more seat than deer, it costs more to rear sheep. 
This's is a part of tite management of sheep which cannot be 
simulated in den and therefore the comparison cannot be complete. 
However, the coat of the extra management is considerable and the 
extra production is not sufficient to offset it. This implies that 
any extensive grazing system on a marginal land must remain a low 
input system and red deer from the point Of dew of production at 
reasonable coat are preferable to bill sheep. 
1 06 
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peridix1. Growth rates of stags and hinds on Ithum 195-1965 (;!itoho], 1)67 
Age in years 10 1 2 3 if 5 6 1 	7 1 	8 9 10 11 12 13 1!. 15 16 17 
Stags L.rder weight (1b.) - 77 111 435 152 171 191 186 193 191 186 183 196 191 162 216 177  190 
- 2 38 47 139 1 ,4.6 149 78 89 B9 66 36 26 6 3 2 4 1 
Live weight (1b.) - 108.5 156.3 150,1 2t.1 2.08 259,0 251.9 271.8 2590 261.9  257.7 27.1 25510 228,2  304-2,-2490 267.6 
3211 
Hinds Larder weight (1b.) - 79 100 114 122 124 130 130 132 129 132 129 
_ 
128 133 128 116 - 


















2 2 - 
- 










171.8  i,,6 185.7 1E7 188.6 184.3  186 184.3 12,9 190.0 1829 165.7 - - 
- V. 125 139 158 102 83 58 84. 4.9 17 19 3 1 2 2 - - 
irpendix2. Grorth rate of Soay sheep on Hirta (derived fro m Grubb. 1968 
h 	(ers) 0 1 2 6 
Live weight of ewes (lb.) 
















Pppendix 3, G-rvth rats of deer at Glen Feshie 
Age inyears 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Jaw length 6.8 8.0 8.7 9,2 9,4. 9,6 9.7 9.7 9.7 9.8 9.8 9.3 J.9 10,1 9.7 10,2 9,9 
(inches) 
f -s.-p' 938 22 3 11 32 61 56 50 L4 30 22 20 14 If 6 1 
STLGS 
- 
Larder 56.2 82.0 112,3 145,2 159.6 172.4 118.3 189.0 17.0 189.6 181.3 186,6 175,3 199,5 166.2 169,5 170,0 
eight(lb,) 
38 22 3 10 32 62 55 50 44 31 23 21 14 4 6 4 1 
Live wt. 79.1 115.5 158.2 204.5 224,8 242,8 251,1 266.1 263.4 267.0 255.4. 255.7 246,9 280.9 234.1 238.7 239,4 
(lb.) 
38 22 3 10 32 62 55 50 14 31 23 21 14 4 6 4 1 
Jaw length 6,7 7.9 8.5 8.7 8,9 9.0 9.1 9.2 9.3 9.2 9,3 9.3 9.3 9.4. 9.5 9,2 9,4 
(inches) 
34 37 81 65 55 42 32 27 54 15 Ii 1 11 6 2 1 1 
Larder 51.4 79,6 102,5 112.3 116,4 116.3 125.5 122,1 121,6 120.9 115.6 116,7 120.5 108.3 116,0 107.0 94,0 
eight( m.) 
33 37 79 65 55 40 35 27 55 15 11 14 11 7 2 1 1 
Live wt, 73.4 109.8 14.6.4. 160.4 166.3 166.1 179.3 174,4. 173.7 172.7 165.1 166.7 172,1 154.7 165.7 152.8 134.3 
(lb.) 
33 37 79 65 55 4.0 35 27 35 15 11 14. 11 7 2 1 1 
1-1 
i ID 
ppendi4 Growth rate of Blackface ewes at Glensaugh 
(derived from Jones, 1) 
J. 	in years 0 1 2 	3 4 5 	6 
-eight in lbs. 13 71 92 	0) IDI jQ 	- 
Appendix 5 
Bal metabolic rate of Jhee 
source of Activities perinental l3reed o:r Sheep 
f!OZ 	Bequire- 
cnt in K,ca].e./ 
Information of Sheep Conditions Re-0-73 (24 hrs.) 
.1o  nar ks 
iange Hean 
Blaxter Fasting Direct calorimetric I • Scottish Black.. 45.11-50.0 48.0 This figure is low 
(1962) metabolism determination of face for sheep. 	It is 
(J) sheep was metabolIsm. 	Sheep 2. 	Fritish 	1ff3lk 54.1-56.8 56.8 probably a result 
sedentary were fasted for 4 of low nutritional 
days and B.N.11. 
cross level of sheep 
taken for 3rd and before fast 
4th day. 
Blaxter et Sheep 1 • 	Direct caloi'i- 1 • Scottinh Black- - 56.6 
a]. 0965T  fasting metric measurement • face 
and 2. 	Sheep trained .iolh nountain - 54.1 
sedentary to be accustomed to sheep 
metabolic cages to British Cheviot - 64.4 
avoid excitement and Juffo].k Down - 57.8 
nervousness which 33ritis 	Cent - 58.0 
might raise B.M.Re llampeliLre Down - 56.5 
3. 	Fasted for 4 
days and B S M.1I, 
taken for 3rd. and 
4th day of fast. 
-s 
Appendix 5 (cont'd) 
ouxoe of Activities ;perimental 3reed o 	sheep 
Require- 
mont in R.caln./ Remarks 
Information of 	heop Conditions Kg.0.73 (24 hra.) 
Range ilean 
Langlands !;heep I • 	Direct calori- I • Half brad - 
at al fasting and metric determination Border Leicester - 68.4 
(1963) sedentary of ]3.M.R. Cheviot 
2. 	sheep trained $hetlard (Brit- - 56.4 
to be accustomed to ish) 
metabolic cages for 3cottish flack- - 56.1) 
6 weeks before expt. face 
3. 	Fasting -was for 4. 	U - 62.6) 
44-  days (about 117 5. " - 61.6) 
hrs). 6. 	 It 59.4 60.4  
4. 	B.M.R. measurement  
taken over the last 7. Grey face - 62.7) 
66 his. (Britlijh) 




P':pendix6. Iasal Metabolic Pete of Deer 
Energy flequirD- 
Source of vi ties . cti
deer 
Experimental Breed of deer 
sent in K.oais,/ 
Remarks 
information of - o  0.73(24 hrs .) 
Range 	iEean 
Brockway and Fasting and Calorimtrio deter- Red. ö.eer - 	 90 )-lthough details of 
Malay (1967) sedentary mination of heat expt. were not givel 
produced. 1\niinal young beasts are 
housed at ambient likely to give an 
teip. of 18°C. above average B.P.R. 
Mosurement was This could be an 
of two young overestimation of 
beasts, 
lMloiy, Kay & pasting. The measurement Red deer 	- 	 106 a) This is likely to  
Goodall (1968) a) Measure- is that of a young be an over-estimatio 
nient of B!.R beast, 2 years old since (i) B.1.R. was 
was taken as Older deer, Red 3.eer 	- 	 76.4. 
taken before 4.8 hrs. 
of fast, (ii) young average 
24..48 hi's, but how old was azu4als gave higher 
b 	Measure- not stated. than normal ]JtR for 
merit is that a given specics, 
of average h) This is more 
of 4.8-72 hi's I likely to represent 
of fast the 13. LR. for deer 
because the 	rdi.al 
was older and B. 	R. 
was for 4.8-72 bra. 
of fast. 
Silver et al - 
hite-tailed 	 74.7 
(1959r - de?r 1 
9..e. 63.0 K.cals/Kg075/24 hrs. 
T\) 
Appendix 7. Maintenance energy rcguixrncut of onfod &p 
1nery require- 
Source of ctivities of sheep 
Experimental 	 Breed. of ment in K.cals/ Remarks information tLt1ors sheep 
4. b 	I"+ 
Range Mean 
Coop and till Sheep pen fed ataxidin, Chromic oxide dosage 	New Zealand  
(1 962) eating, ruminating and for determination Merino 
lying dovrn. of digestibility of 
food. 
 
!ood and Si-icep pen fed, standi;,' - = 	ew Zealand 197.9 - 
Cpstick(192) lying, eating and Merino 
rti-nsti; 
G-rzthm (1964.) Standing = 2 hrs:Seden- 1nery requirement 	Australian - 74.1 - 
tary and 	intir 	= w&s determined by Mrino 
4 bra: E&t.ng = 1 hr. estimate only. 
Lying 	17 hrs. 
Langlands et al Australian - 106.3 - 
(1963) Merino 
7176-5 - (1960) 
p'endix8. Energy requirement of pen-fed deer 
Fnery require- 
Source Of Activity Experimental Deer species ment in K.cals/ 
inform.tion Conditions O.73p, ' F'.'.,. 
Range Mean 
Maloiy, Kay & Pen fed animal Gnly one deer was used. Thd deer 13°C=117.4.) Only one deer wa 
Goodall (1968) standing, lying, Wt. was 47.5 Kg. 	The ) 158.5 used in the exjt. 
eating and deer was about 2 years 80C= 200 	) Also, no increase  
ruminating, old, i in energy req. ruth 
decree in temp. 
Brockway and Pen fed 	rima.ls Two deer were used, a) 8°c = The animal. in b) 
Maloiy (1967 standing, Iriig, 4.9 Kg. Red deer 162.3 gave lower valEcs 
eating said 67 Red deer 1C=136.8 of energy requi'ci- 
ruminatiig, 2 	Ci52 ment probably 
b) 8 C = because it was 
123.02 older than :he 
1 	i 15.1 deer in a). 
28,C =I oc. I 
Cowan et al 	'en fed vs above 	 - Adu.t male deer - 165.3 - - 




14.1 .55 - 
-s 
Energy re uire-
uent in K.cals/ 
Br99d of sheep 	 hrs, 
	 Remarks 
R, " 11GO I 	Mean 
Australian 
Me riiio 
104.9 Horizontal waI]dii only. 
Distnce undcretimatd 
since verti1 walk requ-
ires (do) onorgy for 
horizontal vzlk. If, 2) 
Estimate did not include 
effect of outdoor envir-
onment e.G. cold, rain, 
wind, eix. 
	
G-reenall 	You &ieep on razin, 




(1963) - - 
Grazing on i.ov:l:'ri 
pasture in Britain. 
Data ised on 
estimate only. 
jendix jFrgmy req4reoent of arazinh 
Activities of sheep 	 Experimental conditions 
Graham et--&I 	1. Grazing on pasture for 	Calorimetric deter- 
(1964) 	10 hrs • 2. YhiminatirZ for udnation of heat. 
h • 3 •V,alkirZ for 2 
hr = (3 km) horizontally. 
Total cost = 1700 K.cala/ 
45. K./24 hrs. 
233.3 Experimental oonlitic;na 
not 0ivon. Dtaiee md 
conditions of rin not 
stated. MetaLoli Cecreas- 
es with ace. .. ery 
youn; sheep could give an 
over-estimation of rzin 
energy. 
152.2 This estmLtte is apli-
cable to sheep on lowland 
pasture only. Therefore 
could be an underestima-
tion. Fire to not 
include energy cost of 
ascent and. cold, wind,, 
riin, etc. 
o\ I 
pperidix 9 (cort'd) 
Coop and '2. 	(razing and walking in 
Hill (i.6fl) rain, wind and cold. 
Method used wasto 
give a dosage of 
chronic oxide to 
sheep and have a 
measure of feacal 
output and nitrogen 
regression. This 
waz done for diges-
tibility of herbage 
determination. 
I • Pomney 	- 	176,3 
ewe: 









This figure is a mean of 
several breeds and it 
reprtefltS energy cost 
of outdoor environment, 
of v::ikir., 	ndi 
etc. It is therefore 
more acceptable than 
the lormer estim tes. 
